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ABSTRACT 
NIST launched a CannaQAP in 2020 to improve the comparability of the analytical measurements 
in forensic and Cannabis (hemp and marijuana) testing laboratories. CannaQAP is an 
interlaboratory study mechanism that is similar to a proficiency testing scheme; however, the focus 
is towards education without assigning pass/fail grades to anonymized participants. CannaQAP 
helps inform NIST about the current measurement capabilities and challenges to assist in the 
design and characterization of Cannabis RMs. Exercise 1 of CannaQAP focused on the 
determination of cannabinoids including Δ9-THC, THCA, total THC, CBD, CBDA, total CBD, 
and up to 13 additional cannabinoids in two hemp oils. This report provides a detailed description 
of the results of this exercise. 
 
INTRODUCTION 
CannaQAP offers the opportunity for laboratories to assess their in-house measurements of 
cannabinoids, other desirable components (e.g., terpenes), and contaminants (e.g., toxic elements, 
mycotoxins) in samples distributed by NIST. Reports and certificates of participation are provided 
and may be used as part of their laboratory’s validation scheme, demonstrate compliance with 
cGMPs, and to potentially fulfill proficiency requirements established by related accreditation 
bodies. In addition, CannaQAP is designed to support the development and dissemination of 
analytical methods and reference materials. In the future, results from CannaQAP exercises could 
be used by NIST to identify problematic matrices and analytes for which consensus-based methods 
of analysis would benefit the stakeholders in numerous Cannabis communities. 
 
NIST has decades of experience in the administration of QAPs, and CannaQAP builds on the 
approach taken by the former DSQAP and current HAMQAP by emphasizing emerging and 
challenging measurements in the various Cannabis and Cannabis-derived matrices. QAPs can be 
viewed as a perpetual interlaboratory study mechanism that is akin to a proficiency testing scheme 
but without the pass/fail grade with the goal of improving measurement comparability and/or 
competence for the participant and NIST results. These improvements focus around identifying 
biases among the different sample extraction, analytical methods and/or calibration approaches. In 
areas where few standard methods have been recognized, CannaQAP offers a unique tool for 
assessment of the quality of measurements and provides feedback about performance that can 
assist participants in improving laboratory operations. 
 
This report summarizes the results from the first exercise of CannaQAP. One hundred sixteen 
laboratories responded to the call for participants distributed in August 2020. Samples were 
shipped to participants in October 2020 and results were returned to NIST by November 2020. 
This report contains the final data and information that was disseminated to the participants in 
December 2020. The results of the study are summarized below in a series of tables, figures, and 
text, and reported by section for 17 cannabinoids, total THC, and total CBD. 
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OVERVIEW OF DATA TREATMENT AND REPRESENTATION 
Individualized data tables and certificates are provided to the participants that have submitted data, 
in addition to this report. Examples of the data tables using NIST data are also included in each 
section of this report. Community tables and figures are provided using randomized laboratory 
codes, with identities known only to NIST and individual laboratories. The statistical approaches 
are outlined below for each type of data representation. 
 
Statistics 
Data tables and figures throughout this report contain information about the performance of each 
laboratory relative to that of the other participants in this study and relative to a target around the 
expected result, if available. All calculations are performed in PROLab Plus (QuoData GmbH, 
Dresden, Germany).1 The consensus means and standard deviations are calculated according to 
the robust Q/Hampel method outlined in ISO 13528:2015, Annex C.2 
 
Individualized Data Table 
The data in this table is individualized to each participating laboratory and is provided to allow 
participants to directly compare their data to the summary statistics (consensus or community data 
as well as NIST certified, non-certified, or estimated values, when available). The upper left of the 
data table includes the randomized laboratory code. Example individualized data tables are 
included in this report using sample NIST data; participating laboratories received uniquely coded 
individualized data tables in a separate distribution. 
 
Section 1 of the data table (Your Results) contains the laboratory results as reported, including the 
mean and standard deviation when multiple values were reported. A blank indicates that NIST 
does not have data on file for that laboratory for the corresponding analyte or matrix. An empty 
box for standard deviation indicates that the participant reported a single value or a value below 
the LOQ and therefore that value was not included in the calculation of the consensus data.2 
Example individualized data tables are included in this report using NIST data in Section 1 to 
protect the identity and performance of participants. 
 
Also included in Section 1 are two Z-scores. The first Z-score, Z′comm, is calculated with respect to 
the community consensus value, taking into consideration bias that may result from the uncertainty 
in the assigned consensus value, using the consensus mean (x*), consensus standard deviation (s*), 
and standard deviation for proficiency assessment (SDPA, 𝜎𝜎𝑃𝑃𝑃𝑃2 ) determined from the Q/Hampel 
estimator: 
 
 𝑍𝑍′comm = 𝑥𝑥𝑖𝑖−𝑥𝑥∗

�𝜎𝜎𝑃𝑃𝑃𝑃
2 +𝑠𝑠∗2

 

 

 
 
1 Certain commercial equipment, instruments, or materials are identified in this certificate to adequately specify the 
experimental procedure. Such identification does not imply recommendation or endorsement by the National Institute 
of Standards and Technology, nor does it imply that the materials or equipment identified are necessarily the best 
available for the purpose. 
2 ISO 13528:2015, Statistical methods for use in proficiency testing by interlaboratory comparisons, pp. 53–54. 
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The second Z-score, ZNIST, is calculated with respect to the target value (NIST certified, 
non-certified, or estimated value, when available), using 𝑥𝑥NIST and 2*U95 (the expanded 
uncertainty on the certified or reference value, U95, or twice the standard deviation of NIST or 
other measurements): 
 
 𝑍𝑍NIST = 𝑥𝑥𝑖𝑖−𝑥𝑥NIST

2∗𝑈𝑈95
 

 
or 
 
 𝑍𝑍NIST = 𝑥𝑥𝑖𝑖−𝑥𝑥NIST

2∗𝑈𝑈NIST
. 

 
The significance of the Z-score and Z′-score is as follows: 

• |Z| < 2 indicates that the laboratory result is considered to be within the community 
consensus range (for Z′comm) or NIST target range (for ZNIST). 

• 2 < |Z| < 3 indicates that the laboratory result is considered to be marginally different from 
the community consensus value (for Z′comm) or NIST target value (for ZNIST). 

• |Z| > 3 indicates that the laboratory result is considered to be significantly different from 
the community consensus value (for Z′comm) or NIST target value (for ZNIST). 

 
Section 2 of the data table (Community Results) contains the consensus results, including the 
number of laboratories reporting more than a single quantitative value for each analyte, the mean 
value determined for each analyte, and a robust estimate of the standard deviation of the reported 
values.2 Consensus means and standard deviations are calculated using the laboratory means; if a 
laboratory reported a single value, the reported value is not included in determination of the 
consensus values.3 Additional information on calculation of the consensus mean and standard 
deviation can be found in the previous section. 
 
Section 3 of the data table (Target) contains the target values for each analyte, when available. 
When possible, the target value is a certified value, a non-certified value, or a value determined at 
NIST. In this study, target values were determined at NIST through a validated LC-PDA method 
summarized in the Study Material Preparation and Characterization Section below. The target 
values for Hemp Oil 1 and Hemp Oil 2 represent the mean of at least three tested samples with 
triplicate preparations from the sample package. The target values for Hemp Oil 2 represent the 
mean of at least three tested samples from different sample package. These measurements allowed 
for the NIST to provide an expanded uncertainty (U95) to encompass variability due to 
inhomogeneity within and between packaged units. 
 
Summary Data Table 
This data table includes a summary of all reported data for a particular analyte in a particular study. 
Participants can compare the raw data for their laboratory to data reported by the other participating 
laboratories and to the consensus data. A blank indicates that the laboratory signed up and received 
samples for that analyte and matrix, but NIST does not have data on file for that laboratory. Data 
highlighted in red have been flagged as a data entry of zero or results that include text (e.g., 
“< LOQ” or “present”). Data highlighted in blue have been identified as outside the consensus 
tolerance limits and would be estimated to yield |Z′comm| > 2. 
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Figures 
Data Summary View (Method Comparison Data Summary View) 
In this view, individual laboratory data (circles) are plotted with the individual laboratory standard 
deviation (rectangle). Laboratories reporting values below the LOQ are shown in this view as 
downward triangles beginning at the LOQ, reported as QL on the figures. Laboratories reporting 
values as “below LOQ” can still be successful in the study if the target value is also below the 
laboratory LOQ. The blue solid line represents the consensus mean, and the green shaded area 
represents the 95 % confidence interval for the consensus mean, based on the standard error of the 
consensus mean. The uncertainty in the consensus mean is calculated using the equation below, 
based on the repeatability standard deviation (𝑠𝑠r), the reproducibility standard deviation (𝑠𝑠R), the 
number of participants reporting data, and the average number of replicates reported by each 
participant. The uncertainty about the consensus mean is independent of the range of tolerance. 
Where appropriate, two consensus means may be calculated for the same sample if bimodality is 
identified in the data. In this case, two consensus means and ranges will be displayed in the data 
summary view. 
 

 𝑢𝑢𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = � 𝑠𝑠𝑅𝑅
2−𝑠𝑠𝑟𝑟2

𝑚𝑚𝑝𝑝𝑝𝑝𝑟𝑟𝑝𝑝𝑖𝑖𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
+ 𝑠𝑠𝑅𝑅

2

𝑚𝑚𝑝𝑝𝑝𝑝𝑟𝑟𝑝𝑝𝑖𝑖𝑝𝑝𝑖𝑖𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝× 𝑚𝑚𝐴𝐴𝐴𝐴𝐴𝐴𝑟𝑟𝑝𝑝𝐴𝐴𝐴𝐴 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝐴𝐴𝑟𝑟 𝑜𝑜𝑜𝑜 𝑅𝑅𝐴𝐴𝑝𝑝𝑅𝑅𝑖𝑖𝑝𝑝𝑝𝑝𝑝𝑝𝐴𝐴𝑝𝑝 𝑝𝑝𝐴𝐴𝑟𝑟 𝑃𝑃𝑝𝑝𝑟𝑟𝑝𝑝𝑖𝑖𝑝𝑝𝑖𝑖𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
 

 
The red shaded region represents the target zone for “acceptable” performance, which 
encompasses the NIST target value bounded by twice its uncertainty (U95 or UNIST). The solid red 
lines represent the range of tolerance (values that result in an acceptable Z′ score, |𝑍𝑍′| ≤  2). If the 
lower limit is below zero, the lower limit has been set to zero. In this view, the relative locations 
of individual laboratory data and consensus zones with respect to the target zone can be compared 
easily. In most cases, the target zone and the consensus zone overlap, which is the expected result. 
Major program goals include both reducing the size of the consensus zone and centering the 
consensus zone about the target value. Analysis of an appropriate reference material as part of a 
quality control scheme can help to identify sources of bias for laboratories reporting results that 
are significantly different from the target zone. In the case in which a method comparison is 
relevant, different colored data points may be used to identify laboratories that used a specific 
approach to sample preparation, analysis, or quantitation. 
 
Sample/Sample Comparison View 
In this view, the individual laboratory results for one sample (e.g., NIST SRM with a certified, 
NIST RM with non-certified, or NIST-determined value; a less challenging matrix) are compared 
to the results for another sample (e.g., NIST RM with a more challenging matrix; a commercial 
sample). The solid red box represents the target zone for the first sample (x-axis) and the second 
sample (y-axis), if available. The dotted blue box represents the consensus zone for the first sample 
(x-axis) and the second sample (y-axis). The axes of this graph are centered about the consensus 
mean values for each sample or control, to a limit of twice the range of tolerance (values that result 
in an acceptable 𝑍𝑍′ score, |𝑍𝑍′| ≤ 2). Depending on the variability in the data, the axes may be 
scaled proportionally to better display the individual data points for each laboratory. In some cases, 
when the consensus and target ranges have limited overlap, the solid red box may only appear 
partially on the graph. If the variability in the data is high (greater than 100 % RSD), the dotted 
blue box may also only appear partially on the graph. These views emphasize trends in the data 
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that may indicate potential calibration issues or method biases. One program goal is to identify 
such calibration or method biases and assist participants in improving analytical measurement 
capabilities. In some cases, when two equally challenging materials are provided, the same view 
(sample/sample comparison) can be helpful in identifying commonalities or differences in the 
analysis of the two materials. 
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SECTION 1: STUDY MATERIAL PREPARATION AND CHARACTERIZATION 
NIST Method for Study Material Characterization 
Analytical Method 
All study materials were characterized at NIST using an LC-PDA (Cannabis Analyzer, Shimadzu 
Scientific Instruments, Columbia, MD, USA) equipped with a binary pump, degasser, 
autosampler, column compartment, and a photodiode array detector, controlled using commercial 
Lab Solutions software (Shimadzu Scientific Instruments). Cannabinoid separations were carried 
out on a NexLeaf CBX for Potency C18 column (Shimadzu Scientific Instruments) with 15.0 cm 
length, 4.6 mm inner diameter, and 2.7 µm average particle diameter, protected by installation of 
a NexLeaf CBX guard column (Shimadzu Scientific Instruments). Premixed mobile phase solvents 
[H2O and ACN containing 0.085 % PA (volume ratios)] were obtained from Shimadzu Scientific 
Instruments. The separation and detection conditions are summarized below. 
 
Parameters Settings 
Injection Volume 5 µL 
Column Temperature 40 ºC 
Flow rate 1.6 mL/min 
Mobile Phase Program  
 Time (min) 0.085 % PA in H2O 0.085 % PA in ACN 
 0.0 30 70 
 3.0 30 70 
 7.0 15 85 
 7.1 5 95 
 8.0 5 95 
 8.1 30 70 
 10.0 30 70 
    
Absorbance Wavelength Range 190 nm to 700 nm  

 
Calibration 
A CRM solution of 11 cannabinoids in ACN was obtained from Shimadzu Scientific Instruments. 
The mass concentration of each cannabinoid in the solution was 250 mg/L. Three independent 
working calibration solutions were gravimetrically prepared to have final mass concentrations of 
2.5 mg/L, 10 mg/L, and 25 mg/L of each cannabinoid. The working solutions were analyzed by 
the LC-PDA method summarized above using a common wavelength of 220 nm. Peak areas were 
plotted for each compound with its corresponding mass concentration to construct an external 
calibration curve. Triplicate injection of the calibration standards demonstrated adequate 
reproducibility of the chromatographic method with RSDs below 3 % for all cannabinoids. 
 
Hemp Oil 1 
Study Material Preparation 
Hemp Oil 1 was prepared by CV Sciences (San Diego, CA, USA) for use in CannaQAP through 
a CO2 extraction from certified food-fiber hemp seed with decarboxylation to convert CBDA to 
CBD. The material was packaged into 10 mL amber vials and stored under controlled refrigeration 
(≈ 4 ºC) until shipment to NIST. Samples of the material were sent to Alkemist Labs (Garden 
Grove, CA, USA) for cannabinoid testing prior to shipment to NIST. Upon arrival at NIST, 
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materials were stored under controlled refrigeration (≈ 4 oC) until shipment to participating 
laboratories. 
 
Study Material Characterization 
Samples were prepared following the approach of Vaclavik et al.,3 modified to use MeOH instead 
of ethanol. Three 0.5 g samples of three individual Hemp Oil 1 sample bottles (N = 9) were 
accurately weighed into 50 mL centrifuge tubes and diluted with ≈ 20.0 g of MeOH. Samples were 
vortexed for 10 s to ensure initial mixing and shaken for 15 min using a large benchtop capacity 
mixer from Glas-Col (Terre Haute, IN, USA). Small quantities of Hemp Oil 1 samples were further 
diluted with MeOH resulting in a 10-fold and 100-fold dilutions. The original and diluted samples 
were filtered using a 0.45 µm PFTE syringe filter into autosampler vials for analysis by LC-PDA. 
 
The LC-PDA chromatograms at 220 nm for samples of Hemp Oil 1 with no additional dilution, 
10-fold dilution, and 100-fold dilution are shown in Figure 1-1. CBDV, CBG, CBD, CBN, 
Δ9-THC, and CBC were tentatively identified in Hemp Oil 1 based on matching retention times to 
reference standards. The presence of CBDV, CBG, CBD, CBN, Δ9-THC, and CBC was confirmed 
by comparison of the absorbance spectra collected at the maximum of the chromatographic peaks 
in Hemp Oil 1 to those collected from reference standards (Figure 1-2). With the exception of 
CBC, the absorbance spectra correlated extremely well between the samples and the standards. 
The absorbance spectrum of CBC in the calibrant is more distinct than the other five cannabinoids, 
with clear spectral features at 193 nm, 230 nm, and 284 nm. The absorbance spectrum of the 
chromatographic peak at 7.1 min contains features at similar absorbance wavelengths, but with 
drastically different peak heights indicating the coelution of interfering species in the 
chromatographic peak. 
 
To investigate the potential interference in the CBC chromatographic peak for Hemp Oil 1, the 
extracted chromatogram at 220 nm was enlarged in Figure 1-3A. Absorbance spectra collected at 
7.059 min, 7.113 min, and 7.200 min are compared to the reference standard in Figure 1-3B, 
Figure 1-3C, and Figure 1-3D, respectively. The absorbance spectrum obtained from Hemp Oil 
1 at 7.059 min is virtually identical to CBC, with some variability in signal intensity. The 
absorbance spectrum at the chromatographic peak maximum in Hemp Oil 1 (7.113 min) has some 
representation of CBC with a 5-fold higher signal intensity but also includes a more intense 
spectral peak at 195 nm. The absorbance spectrum at 7.200 min from the Hemp Oil 1 sample 
shows contribution from the 195 nm peak only. Similar observations were noted for Hemp Oil 2 
and 2a samples (data not shown). These results clearly indicate that CBC is present in the three 
samples, but that CBC cannot be quantitatively measured by LC-PDA using the 220 nm 
wavelength. Impact of the wavelength selected for quantitation of CBC is demonstrated in Figure 
1-4, and as a result, 230 nm was used as the detection wavelength for CBC for the three hemp oil 
samples. 
 
A summary of the determined mass fraction (%) values for CBDV, CBG, CBD, CBN, Δ9-THC, 
and CBC in Hemp Oil 1 are summarized below. The good precision of the LC-PDA measurements 
with RSDs at or below ≈ 6 % between bottles indicating that Hemp Oil 1 samples were sufficiently 

 
 
3 L Vaclavik, F Benes, M Fenclova, J Hricko, A Krmela, V Svobodova, J Hajslova, K Mastovska. J AOAC Int 102(6): 
1822-1833 (2019) https://doi.org/10.1093/jaoac/102.6.1822.  

https://doi.org/10.1093/jaoac/102.6.1822
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homogeneous for use as study samples in CannaQAP Exercise 1. These values will be used as 
target values to estimate accuracy of participant results (ZNIST). 
 

Cannabinoids Mean ± SD RSD (%) N 
CBDV 0.0391 ± 0.0024 6.17 18 
CBG 0.0636 ± 0.0025 3.91 18 
CBD 4.310 ± 0.058 1.34 9 
CBN 0.01582 ± 0.00048 3.04 9 

Δ9-THC 0.1315 ± 0.0026 1.98 18 
CBC 0.1975 ± 0.0023 1.30 9 

 
Participant Instructions 
Participants were provided with one bottle containing approximately 5 mL of hemp oil and were 
asked to store the sample under controlled refrigeration (≈ 4 ºC). Before use, participants were 
instructed to allow the contents of the bottle to equilibrate at room temperature for 24 h before 
mixing thoroughly. A sample size of 0.5 g was recommend based on homogeneity measurements 
at NIST to help minimize variability caused by sampling in the end results. Participants were asked 
to prepare three samples and report three mass fraction (%) values from the single bottle provided 
on an as-received basis. 
 
Hemp Oil 2 
Study Material Preparation 
Hemp Oil 2 was prepared by CV Sciences (San Diego, CA, USA) for use in CannaQAP by 
distillation of Hemp Oil 1 and dilution with additional hemp oil fractions to reduce the mass 
fraction of total THC to below 0.3 %. The material was packaged into 10 mL amber vials and 
stored under controlled refrigeration (≈ 4 ºC) until shipment to NIST. Samples of the material were 
sent to Alkemist Labs (Garden Grove, CA, USA) for cannabinoid testing prior to shipment to 
NIST. Upon arrival at NIST, materials were stored under controlled refrigeration (≈ 4 oC) until 
shipment to participating laboratories. 
 
Study Material Characterization 
Samples were prepared following the approach of Vaclavik et al.,3 modified to use MeOH instead 
of ethanol. Three 0.5 g samples of three individual Hemp Oil 2 sample bottles (N = 9) were 
accurately weighed into 50 mL centrifuge tubes and diluted with ≈ 20.0 g of MeOH. Samples were 
vortexed for 10 s to ensure initial mixing and shaken for 15 min using a large benchtop capacity 
mixer from Glas-Col (Terre Haute, IN, USA). Small quantities of Hemp Oil 2 samples were further 
diluted with MeOH resulting in a 10-fold and 100-fold dilutions. The original and diluted samples 
were filtered using a 0.45 µm PFTE syringe filter into autosampler vials for analysis by LC-PDA. 
 
The LC-PDA chromatograms at 220 nm for samples of Hemp Oil 2 with no additional dilution, 
10-fold dilution, and 100-fold dilution are shown in Figure 1-5. CBDV, CBG, CBD, CBN, 
Δ9-THC, and CBC were identified and determined in Hemp Oil 2 using similar procedures as 
described for Hemp Oil 1.  
 
A summary of the determined mass fraction (%) values for CBDV, CBG, CBD, CBN, Δ9-THC, 
and CBC in Hemp Oil 2 are summarized below.  The good precision of the LC-PDA measurements 
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with RSDs at or below 5 % between bottles indicated that Hemp Oil 2 samples were sufficiently 
homogeneous for use as study samples in CannaQAP Exercise 1. These values will be used as 
target values to estimate accuracy of participant results (ZNIST). 
 

Cannabinoids Mean ± SD RSD (%) N 
CBDV 0.1422 ± 0.0038 2.64 18 
CBG 0.0879 ± 0.0041 4.71 18 
CBD 9.21 ± 0.27 2.90 9 
CBN 0.0240 ± 0.0011 4.78 9 

Δ9-THC 0.1604 ± 0.0046 2.84 18 
CBC 0.4122 ± 0.0056 1.37 9 

 
Participant Instructions 
Participants were provided with one bottle containing approximately 5 mL of hemp oil and were 
asked to store the sample under controlled refrigeration (≈ 4 ºC). Before use, participants should 
mix the sample thoroughly after allowing the contents of the bottle to equilibrate at room 
temperature for 3 h, which was shorter than Hemp Oil 1 because the sample was a finished product 
sample matrix. A sample size of 0.5 g was recommend based on homogeneity measurements at 
NIST to help minimize variability caused by sampling in the end results. Participants were asked 
to prepare three samples and report three mass fraction (%) values from the single bottle provided 
on an as-received basis. 
 
Hemp Oil 2a 
Study Material Preparation 
Hemp Oil 2a was prepared through the dilution of Hemp Oil 2 (1.60508 g) with methanol 
(62.41220 g) and ethanol (10.49705 g) with shaking for 30 min using a large benchtop capacity 
mixer from Glas-Col (Terre Haute, IN, USA) and filtration to remove any undissolved precipitates. 
The material was packaged into 1.8 mL amber autosampler vials and stored at ≈ 4 ºC until shipment 
to participating laboratories. 
 
Study Material Characterization 
Small quantities of three Hemp Oil 2a samples were further diluted with MeOH resulting in a 10-
fold and 100-fold dilutions. The original and diluted samples were filtered using a 0.45 µm PFTE 
syringe filter into autosampler vials for analysis by LC-PDA.  
 
The LC-PDA chromatograms at 220 nm for samples of Hemp Oil 2a with no additional dilution, 
10-fold dilution, and 100-fold dilution are shown in Figure 1-6. CBDV, CBG, CBD, CBN, 
Δ9-THC, and CBC were identified and determined in Hemp Oil 2a using similar procedures as 
described for Hemp Oil 1 and Hemp Oil 2.  
 
A summary of the determined mass fraction (%) values for CBDV, CBG, CBD, CBN, Δ9-THC, 
and CBC in Hemp Oil 2a are summarized below. The good precision of the LC-PDA 
measurements with RSDs at or below ≈ 6.5 % between bottles indicated that Hemp Oil 2a samples 
were sufficiently homogeneous for use as study samples in CannaQAP Exercise 1. These values 
will be used as target values to estimate accuracy of participant results (ZNIST). 
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Cannabinoids Mean ± SD RSD (%) N 
CBDV 0.1273 ± 0.0041 3.22 6 
CBG 0.0904 ± 0.0022 2.45 3 
CBD 9.457 ± 0.038 0.40 3 
CBN 0.01725 ± 0.00077 4.44 3 

Δ9-THC 0.1543 ± 0.0060 3.90 6 
CBC 0.390 ± 0.025 6.34 3 

 
Participant Instructions 
Participants were provided with three sample vials, each containing approximately 1 mL of hemp 
oil. Participants were asked to store the samples under controlled refrigeration (≈ 4 ºC). Before 
use, participants were instructed to allow the contents of the bottle to equilibrate at room 
temperature for 3 h before mixing thoroughly and removing a sample size appropriate to their 
method of analysis. Participants were asked to prepare one sample and report one mass fraction 
(%) value from each vial provided on an as-received basis and adjusting for the dilution 
information provided. 
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Figure 1-1. Extracted wavelength chromatogram for Hemp Oil 1 at 220 nm. 
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Figure 1-2. UV absorbance spectra of the six suspected cannabinoid peaks in Hemp Oil 2 (black) 
and calibration standard (red). 
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Figure 1-3. (A) Selection of the extracted wavelength chromatogram at 220 nm for Hemp Oil 2. 
(B, C, D) UV absorbance spectra of suspected CBC peak in Hemp Oil 2 (black) at different 
chromatographic retention times compared to a calibration standard (red). 
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Figure 1-4. Extracted wavelength chromatogram at different wavelengths for the CBC 
chromatographic peak in Hemp Oil 2. 
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Figure 1-5. Extracted wavelength chromatogram for Hemp Oil 2 at 220 nm. 
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Figure 1-6. Extracted wavelength chromatogram for Hemp Oil 2a at 220 nm. 
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SECTION 2:  ∆9-THC, THCA,  ∆8-THC, AND TOTAL THC 
Study Overview 
The medicinal and recreational use of Cannabis (hemp and marijuana) and Cannabis-derived 
products continues to increase across the United States. As the industry grows, so does the need 
for reliable differentiation between legal and illegal Cannabis-derived products, which is highly 
variable depending on local regulations. This need for distinction has motivated a new interest in 
the analysis of Δ9-THC, THCA, and total THC mass fractions (%). THCA, the acidic precursor of 
Δ9-THC, is synthesized in the glandular trichomes of the Cannabis plant and forms Δ9-THC after 
the parent compound is decarboxylated by UV exposure, prolonged storage, or heat.4 Additionally, 
Δ8-THC, a non-psychoactive stereoisomer of Δ9-THC that may be present in Cannabis and derived 
products, has similar chromatographic behavior and mass spectral fingerprint to Δ9-THC. Many 
laboratories are interested in quantitation of Δ8-THC to ensure that their analytical methods can 
appropriately distinguish between the two isomers. Participants in this study were asked to use 
in-house analytical methods to determine the mass fraction (%) of Δ9-THC, THCA, Δ8-THC, and 
total THC in three hemp oils. The preparation of these hemp oils included a decarboxylation step 
resulting in extremely low levels of THCA and levels of Δ9-THC in normal commercial hemp 
products. 
 
Reporting Statistics 
• The enrollment and reporting statistics for Δ9-THC, THCA, Δ8-THC, and total THC are 

described in the table below for each analyte. Reported values may include non-quantitative 
results (zero or below LOQ).  

 
 Hemp Oil 1 Hemp Oil 2 Hemp Oil 2a 
  Percent  Percent  Percent 
 Number of Reporting Number of Reporting Number of Reporting 

Analyte Participants Results Participants Results Participants Results 
Δ9-THC 79 86 % 92 85 % 19 63 % 
THCA 78 69 % 90 72 % 19 47 % 

Δ8-THC 56 66 % 66 64 % 19 42 % 
Total THC 74 72 % 81 74 % 19 63 % 

 
• Most laboratories reported using solvent extraction or sample dilution for determination of 

Δ9-THC, THCA, Δ8-THC, and total THC in the three hemp oil samples (see table below). 
Additional sample preparation details are summarized at the end of the report in Appendix I. 

  

 
 
4 G Moreno-Sanz. Cannabis and Cannabinoid Research 1(1): 124-130 (2016) http://doi.org/10.1089/can.2016.0008. 

http://doi.org/10.1089/can.2016.0008
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Reported  Percent Reporting 
Preparation Method Δ9-THC THCA Δ8-THC Total THC 
Solvent Extraction 67.3 69.1 70.4 68.6 

Dilution 24.7 22.4 22.2 21.4 
Other 1.9 1.3 1.9 2.9 
None 1.2 1.3 1.9 1.4 

No Response 4.9 5.1 3.7 5.7 
 
• Most laboratories reported using LC-PDA or LC-UV for the determination of Δ9-THC, THCA, 

Δ8-THC, and total THC (see table below). Additional method details are summarized at the 
end of the report in Appendix I. 

 
Reported  Percent Reporting 

Analytical Method Δ9-THC THCA Δ8-THC Total THC 
LC-PDA 63.6 65.8 66.7 59.3 
LC-UV 25.3 27.0 24.1 23.6 
LC-MS 1.9 2.0 1.9 1.4 

LC-MS/MS 3.7 3.3 3.7 4.3 
GC-FID 1.2 0.0 0.0 5.7 
GC-MS 3.1 2.0 1.9 5.0 
Other 0.0 0.0 1.9 0.7 

 
Study Results 
Δ9-THC 
• The mass fractions (%) for Δ9-THC in the hemp oil samples were determined by NIST using 

LC-PDA as described in Section 1 and are summarized in Table 2-1. These NIST values are 
used as the target means and ranges summarized in Table 2-2 for comparison to the participant 
results. 

• The target and consensus means and ranges are summarized for Δ9-THC via different 
analytical methods in Figure 2-1, Figure 2-2, and Figure 2-3, which include data from 
laboratories submitting two or three results for Δ9-THC. Data from participants submitting 
only one measurement were included in Table 2-2 but were not included in the calculation of 
consensus statistics.2 
• For Δ9-THC in Hemp Oil 1, the consensus range was based on quantitative results from 65 

laboratories and completely overlaps the target range (Figure 2-1). 
• The individual laboratory means from 37 laboratories (57 % of those reporting results) 

were outside the NIST range of tolerance for Δ9-THC in Hemp Oil 1. 
• The individual laboratory means from 10 laboratories (15 % of those reporting results) 

were outside the acceptable 𝑍𝑍comm′  score for Δ9-THC in Hemp Oil 1. 
• The threshold or LOQ for 1 of 1 laboratory reporting a qualitative result was below the 

target mean for Δ9-THC in Hemp Oil 1. 
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• For Δ9-THC in Hemp Oil 2, the consensus range was based on quantitative results from 72 
laboratories and completely overlaps the target range (Figure 2-2). 
• The individual laboratory means from 39 laboratories (54 % of those reporting results) 

were outside the NIST range of tolerance for Δ9-THC in Hemp Oil 2. 
• The individual laboratory means from 8 laboratories (11 % of those reporting results) 

were outside the acceptable 𝑍𝑍comm′  score for Δ9-THC in Hemp Oil 2. 
• The threshold or LOQ for 1 of 3 laboratories reporting a qualitative result were below 

the target mean for Δ9-THC in Hemp Oil 2. 
• For Δ9-THC in Hemp Oil 2a, the consensus range was based on quantitative results from 

11 laboratories and overlaps approximately 85 % of the target range (Figure 2-3). 
• The individual laboratory means or thresholds from 6 laboratories (55 % of those 

reporting results) were outside the NIST range of tolerance for Δ9-THC in Hemp Oil 2a. 
• The individual laboratory mean from 1 laboratory (9 % of those reporting results) was 

outside the acceptable 𝑍𝑍comm′  score for Δ9-THC in Hemp Oil 2a. 
• No results were reported using thresholds or LOQs for Δ9-THC in Hemp Oil 2a. 

• A comparison of individual laboratory means for Δ9-THC in Hemp Oil 1 and Hemp Oil 2 
is summarized in Figure 2-4 for laboratories who reported results for both samples. 

 
THCA 
• No target means or ranges were provided for THCA in the three hemp oils (Table 2-1). 
• The consensus means and ranges for THCA are based on quantitative data from 27 laboratories 

(Figure 2-5), 34 laboratories (Figure 2-6), and 3 laboratories (Figure 2-7) for Hemp Oil 1, 
Hemp Oil 2, and Hemp Oil 2a, respectively. Data from participants submitting only one 
measurement were included in Table 2-3 but were not included in the calculation of consensus 
statistics.2 

• A comparison of individual laboratory means for THCA in Hemp Oil 1 and Hemp Oil 2 is 
summarized in Figure 2-8 for laboratories who reported results for both samples. 
 

Δ8-THC 
• No target means or ranges were provided for Δ8-THC in the three hemp oils (Table 2-1). 
• The consensus means and ranges for Δ8-THC are based on quantitative data from 18 

laboratories (Figure 2-9), 23 laboratories (Figure 2-10), and 3 laboratories (Figure 2-11) for 
Hemp Oil 1, Hemp Oil 2, and Hemp Oil 2a, respectively. Data from participants submitting 
only one measurement were included in Table 2-4 but were not included in the calculation of 
consensus statistics.2 

• A comparison of individual laboratory means for Δ8-THC in Hemp Oil 1 and Hemp Oil 2 is 
summarized in Figure 2-12 for laboratories who reported results for both samples 

 
Total THC 
• The mass fractions (%) for total THC in the hemp oil samples were determined by NIST using 

LC-PDA as described in Section 1 and are summarized in Table 2-1. These NIST values are 
used as the target means and ranges summarized in Table 2-5 for comparison to the participant 
results. 

• The target and consensus means and ranges are summarized for total THC via different 
analytical methods in Figure 2-13, Figure 2-14, and Figure 2-15, which include data from 
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laboratories submitting two or three measurements for total THC. Data from participants 
submitting only one measurement were included in Table 2-5 but were not included in the 
calculation of consensus statistics.2 
• For total THC in Hemp Oil 1, the consensus range was based on quantitative results from 

52 laboratories and overlaps approximately 70 % of the target range (Figure 2-13). 
• The individual laboratory means or thresholds from 32 laboratories (62 % of those 

reporting results) were outside the NIST range of tolerance for total THC in Hemp 
Oil 1. 

• The individual laboratory means from 7 laboratories (13 % of those reporting results) 
were outside the acceptable 𝑍𝑍comm′  score for total THC in Hemp Oil 1. 

• The threshold or LOQ for 1 of 1 laboratory reporting a qualitative result was below the 
target mean for total THC in Hemp Oil 1. 

• For total THC in Hemp Oil 2, the consensus range was based on quantitative results from 
57 laboratories and overlaps approximately 50 % of the target range (Figure 2-14). 
• The individual laboratory means or thresholds from 34 laboratories (60 % of those 

reporting results) were outside the NIST range of tolerance for total THC in Hemp 
Oil 2. 

• The individual laboratory means from 6 laboratories (11 % of those reporting results) 
were outside the acceptable 𝑍𝑍comm′  score for total THC in Hemp Oil 2. 

• The thresholds or LOQs for 2 of 2 laboratories reporting a qualitative result were below 
the target mean for total THC in Hemp Oil 2. 

• For total THC in Hemp Oil 2a, the consensus range was based on quantitative results from 
11 laboratories and overlaps approximately 75 % of the target range (Figure 2-15). 
• The individual laboratory means or thresholds from 8 laboratories (73 % of those 

reporting results) were outside the NIST range of tolerance for total THC in Hemp Oil 
2a. 

• No individual laboratory means were outside the acceptable 𝑍𝑍comm′  score for total THC 
in Hemp Oil 2a. 

• No results were reported using thresholds or LOQs for total THC in Hemp Oil 2a. 
• A comparison of individual laboratory means for total THC in Hemp Oil 1 and Hemp Oil 2 is 

summarized in Figure 2-16 for laboratories who reported results for both samples. 
 
Overall  
• The between-laboratory variabilities for determination of Δ9-THC, THCA, Δ8-THC, and total 

THC in the hemp oil samples are shown in the table below. 
 

 Between-Laboratory Variability (% RSD) 
Analyte Hemp Oil 1 Hemp Oil 2 Hemp Oil 2a 
Δ9-THC 2.2  2.7 6.4 
THCA 28.8 27.9 85.1 

Δ8-THC 28.4 29.2 57.2 
Total THC 2.8 3.4 11.9 
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Study Discussion and Technical Recommendations 
The following recommendations are based on results obtained from the participants in this study. 
 
Δ9-THC 
• Approximately 17 % of the laboratories reporting results for Δ9-THC provided values outside 

the consensus ranges for both Hemp Oil 1 and Hemp Oil 2 (Figure 2-4).  
• Laboratories reporting results below the consensus mean in Hemp Oil 1 also reported 

results below the consensus mean for Hemp Oil 2. The reverse is also observed for 
laboratories reporting values above the consensus mean in both samples. Trends of this 
type often indicate a calibration bias. 

• The between-laboratory variability for Δ9-THC was higher in Hemp Oil 2a (6.4 %) than Hemp 
Oil 1 (2.2 %) or Hemp Oil 2 (2.7 %). The variability of individual laboratory means was lower 
for Δ9-THC in Hemp Oil 1 (4.6 %) and Hemp Oil 2 (4.1 %) in comparison to Hemp Oil 2a 
(8.3 %). 
• Hemp Oil 2a was prepared through a methanol/ethanol extraction of Hemp Oil 2 at NIST. 

The additional processing of Hemp Oil 2a was expected to result in minimal variability 
both within and among participating laboratories. 

• The elevated level of variability may be an artifact of significantly fewer laboratories 
reporting results for Hemp Oil 2a (11) compared to Hemp Oil 1 (65) and Hemp Oil 2 (72). 

• No additional trends were observed for the sample preparation, analytical methods, and/or 
analytical parameters reported for Δ9-THC in the three hemp oil samples. 

 
THCA 
• Approximately 27 % of the laboratories reporting results for THCA provided values outside 

the consensus ranges for both Hemp Oil 1 and Hemp Oil 2 (Figure 2-8). 
• Laboratories reporting results above the consensus mean in Hemp Oil 1 did not necessarily 

report results above the consensus mean for Hemp Oil 2. Trends of this type often represent 
potential sample interferences and miss identifications due to levels of THCA being at or 
below participants LOQs. 

• Most laboratories reported that THCA was present in the samples at or below their LOQ (non-
zero values). The low levels resulted in large consensus ranges and between-laboratory 
variabilities (28 % to 85 %). 
• Approximately 5 % of the laboratories reporting results used LC-MS or LC-MS/MS 

methods with most having adequate LOQs to determine THCA at the consensus levels in 
Hemp Oil 1, Hemp Oil 2, and Hemp Oil 2a. 

• Approximately 93 % of the laboratories reporting results used LC-UV or LC-PDA methods 
with only 17 %, 22 %, and 12 % of these laboratories with sufficient LOQs to determine 
THCA at the consensus levels in Hemp Oil 1, Hemp Oil 2, and Hemp Oil 2a, respectively. 

• No additional trends were observed for the sample preparation, analytical methods, and/or 
analytical parameters reported for THCA in the three hemp oil samples. 

 
Δ8-THC 
• Approximately 18 % of the laboratories reporting results for Δ8-THC provided values outside 

the consensus range for both Hemp Oil 1 and Hemp Oil 2 (Figure 2-12). 
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• Laboratories reporting results above the consensus mean in Hemp Oil 1 also reported 
results above the consensus mean for Hemp Oil 2. Trends of this type often indicate a 
calibration bias. 

• Most laboratories reported that Δ8-THC was present in the samples at or below their LOQ 
(non-zero values), resulting in large consensus ranges and between-laboratory variabilities (28 
% to 57 %). 
• Approximately 6 % of the laboratories reporting results used LC-MS or LC-MS/MS 

methods with only 1 laboratory having sufficient LOQs to determine Δ8-THC at the 
consensus levels in Hemp Oil 1, Hemp Oil 2, and Hemp Oil 2a. 

• Approximately 91 % of the laboratories reporting results used LC-UV or LC-PDA methods 
with only 29 %, 30 %, and 33 % of these laboratories with adequate LOQs to determine 
Δ8-THC at the consensus levels in Hemp Oil 1, Hemp Oil 2, and Hemp Oil 2a, respectively. 

• No additional trends were observed for the sample preparation, analytical methods, and/or 
analytical parameters reported for Δ8-THC in the three hemp oil samples. 

 
Total THC 
• Approximately 14 % of the laboratories reporting results for total THC provided values outside 

the consensus range for both Hemp Oil 1 and Hemp Oil 2 (Figure 2-16).  
• Laboratories reporting results below the consensus mean in Hemp Oil 1 also reported 

results below the consensus mean for Hemp Oil 2. The reverse is also observed for 
laboratories reporting values above the consensus mean in both samples. Trends of this 
type often indicate a calibration bias. 

• The between-laboratory variability for total THC was higher in Hemp Oil 2a (11.9 %) than 
Hemp Oil 1 (2.8 %) or Hemp Oil 2 (3.4 %). The variability of individual laboratory means was 
lower for total THC in Hemp Oil 1 (4.8 %) and Hemp Oil 2 (4.0 %) in comparison to Hemp 
Oil 2a (8.1 %). 
• Hemp Oil 2a was prepared through a methanol/ethanol extraction of Hemp Oil 2 at NIST. 

The additional processing of Hemp Oil 2a was expected to result in minimal variability 
both within and among participating laboratories. 

• The elevated level of variability may be an artifact of significantly fewer laboratories 
reporting results for Hemp Oil 2a (11) compared to Hemp Oil 1 (52) and Hemp Oil 2 (57). 

• No additional trends were observed for the sample preparation, analytical methods, and/or 
analytical parameters reported for total THC in the three hemp oil samples. 

 
Overall 
• Proper storage conditions are important for hemp oils because THCA can readily convert to 

Δ9-THC when store at elevated or room temperatures.4 
• Participants were asked to store the samples under controlled refrigeration (≈ 4 ºC). 
• Laboratories should perform in-house evaluations of their storage conditions through 

stability test of their hemp oils at various environmental factors such as temperature, 
humidity, and light exposure.5 

 
 
5 ASTM INTERNATIONAL, ASTM D8309; Standard Guide for Stability Testing of Cannabis-Based Products, 2021. 
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• Laboratories should make total THC determinations via experimental conversion of THCA to 
Δ9-THC (using elevated temperature or specific chemical reagents) or via calculation of total 
THC from the sum of measured Δ9-THC and THCA in the sample using the equation below. 

 
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑚𝑚𝑇𝑇𝑠𝑠𝑠𝑠 % ∆9-𝑇𝑇𝑇𝑇𝑇𝑇 + (0.877 × 𝑚𝑚𝑇𝑇𝑠𝑠𝑠𝑠 % 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇) 

 
• Over 100 cannabinoids have been identified in Cannabis plant samples with similarities in 

structure and molecular mass to Δ9-THC. As a result, chromatographic peak identity should 
always be confirmed using appropriate reference spectra of pure standards for cannabinoids 
and is particularly important for cannabinoids that are present at levels close to the method 
LOQ. Analytical methods should be able to clearly distinguish between cannabinoids. 

• The use of appropriate calibration materials and quality assurance samples to establish that a 
method is in control and being performed correctly may reduce the likelihood of outlying data. 
Quality assurance samples can be commercially available reference materials (CRMs, SRMs, 
or RMs) or materials prepared in-house. 

• Measurement results should be reported accurately. 
• Reported values should be the mass fraction (%) of the Δ9-THC, THCA, and total THC in 

the three hemp oil samples. Participants who reported values based on a volume fraction 
(%) for Hemp Oil 2 or Hemp Oil 2a should use the density of the sample for the conversion 
to mass fraction. Hemp Oil 1 was too viscous to prepare dilutions by volume. 

• Zero is not a quantity that can be measured. If values are below LOQ, results should be 
reported as such. A more appropriate result would be to report that a value is below the 
LOQ (e.g., “< 0.02 %”). 

• Laboratories reporting results based on a certain threshold should enter the numerical 
threshold (e.g., “< 1”). 

• Laboratories reporting results flagged as outliers should check for calculation errors when 
preliminary data tables are sent for inspection. One example is to confirm that factors for 
all dilutions have been properly tabulated or that results are reported in the requested units. 
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Table 2-1. Individualized data summary table (NIST) for ∆9-THC, THCA, ∆8-THC, and total THC in hemp oils. 
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Table 2-2. Data summary table for ∆9-THC in hemp oils. Data highlighted in red have been 
flagged as a data entry of zero or results that include text (e.g., “< LOQ” or “present”). Data 
highlighted in blue have been identified as outside the consensus tolerance limits and would be 
estimated to result in an unacceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≥ 2. Note: This table spans two 
pages; the NIST values and consensus values are included on both pages for convenience. 
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Figure 2-1. ∆9-THC in Hemp Oil 1 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that 
result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. The red shaded region represents the NIST range of tolerance, which encompasses 
the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST score, |𝑍𝑍NIST| ≤ 2. 
The shaded beige region represents the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NIST 
range of tolerance (red region). The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 2-2. ∆9-THC in Hemp Oil 2 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that 
result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. The red shaded region represents the NIST range of tolerance, which encompasses 
the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST score, |𝑍𝑍NIST| ≤ 2. 
The shaded beige region represents the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NIST 
range of tolerance (red region). The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 2-3. ∆9-THC in Hemp Oil 2a (data summary view – analytical method). In this view, individual laboratory data are plotted 
(circles) with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method 
employed. The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for 
the consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the 
consensus mean that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. The red shaded region represents the NIST range of tolerance, 
which encompasses the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST 
score, |𝑍𝑍NIST| ≤ 2. The shaded beige region represents the overlapping of the 95 % confidence interval for the consensus mean (green 
region) and the NIST range of tolerance (red region). 
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Figure 2-4. Laboratory means for ∆9-THC in Hemp Oil 1 and Hemp Oil 2 (sample/sample comparison view). In this view, the individual 
laboratory mean for one sample (Hemp Oil 1) is compared to the individual laboratory mean for a second sample (Hemp Oil 2). The 
solid red box represents the NIST range of tolerance for the two samples, Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), which 
encompasses the target values bounded by their uncertainties (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST score, 
|𝑍𝑍NIST| ≤ 2. The dotted blue box represents the consensus range of tolerance for Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), calculated 
as the values above and below the consensus means that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2.
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Table 2-3. Data summary table for THCA in hemp oils. Data highlighted in red have been flagged 
as a data entry of zero or results that include text (e.g., “< LOQ” or “present”). Data highlighted 
in blue have been identified as outside the consensus tolerance limits and would be estimated to 
result in an unacceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≥ 2. Note: This table spans two pages; the NIST 
values and consensus values are included on both pages for convenience. 
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Figure 2-5. THCA in Hemp Oil 1 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus mean that 
results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in this 
material. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 2-6. THCA in Hemp Oil 2 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus mean that 
results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in this 
material. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 2-7. THCA in Hemp Oil 2a (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus mean that 
results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in this 
material. The downward triangle represents data reported as a threshold or LOQ value.
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Figure 2-8. Laboratory means for THCA in Hemp Oil 1 and Hemp Oil 2 (sample/sample comparison view). In this view, the individual 
laboratory mean for one sample (Hemp Oil 1) is compared to the individual laboratory mean for a second sample (Hemp Oil 2). The 
dotted blue box represents the consensus range of tolerance for Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), calculated as the values 
above and below the consensus means that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. 
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Table 2-4.  Data summary table for Δ8-THC in hemp oils. Data highlighted in red have been 
flagged as a data entry of zero or results that include text (e.g., “< LOQ” or “present”). Data 
highlighted in blue have been identified as outside the consensus tolerance limits and would be 
estimated to result in an unacceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≥ 2. Note: This table spans two 
pages; the NIST values and consensus values are included on both pages for convenience. 
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Figure 2-9. Δ8-THC in Hemp Oil 1 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus mean that 
results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in this 
material. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 2-10. Δ8-THC in Hemp Oil 2 (data summary view – analytical method). In this view, individual laboratory data are plotted 
(circles) with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method 
employed. The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for 
the consensus mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus 
mean that results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in 
this material. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 2-11. Δ8-THC in Hemp Oil 2a (data summary view – analytical method). In this view, individual laboratory data are plotted 
(circles) with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method 
employed. The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for 
the consensus mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus 
mean that results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in 
this material. The downward triangle represents data reported as a threshold or LOQ value.
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Figure 2-12. Laboratory means for Δ8-THC in Hemp Oil 1 and Hemp Oil 2 (sample/sample comparison view). In this view, the 
individual laboratory mean for one sample (Hemp Oil 1) is compared to the individual laboratory mean for a second sample (Hemp 
Oil 2). The dotted blue box represents the consensus range of tolerance for Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), calculated as 
the values above and below the consensus means that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2.
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Table 2-5.  Data summary table for total THC in hemp oils. Data highlighted in red have been 
flagged as a data entry of zero or results that include text (e.g., “< LOQ” or “present”). Data 
highlighted in blue have been identified as outside the consensus tolerance limits and would be 
estimated to result in an unacceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≥ 2. Note: This table spans two 
pages; the NIST values and consensus values are included on both pages for convenience. 
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Figure 2-13. Total THC in Hemp Oil 1 (data summary view – analytical method). In this view, individual laboratory data are plotted 
(circles) with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method 
employed. The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for 
the consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the 
consensus mean that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. The red shaded region represents the NIST range of tolerance, 
which encompasses the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST 
score, |𝑍𝑍NIST| ≤ 2. The shaded beige region represents the overlapping of the 95 % confidence interval for the consensus mean (green 
region) and the NIST range of tolerance (red region). The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 2-14. Total THC in Hemp Oil 2 (data summary view – analytical method). In this view, individual laboratory data are plotted 
(circles) with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method 
employed. The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for 
the consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the 
consensus mean that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. The red shaded region represents the NIST range of tolerance, 
which encompasses the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST 
score, |𝑍𝑍NIST| ≤ 2. The shaded beige region represents the overlapping of the 95 % confidence interval for the consensus mean (green 
region) and the NIST range of tolerance (red region). The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 2-15. Total THC in Hemp Oil 2a (data summary view – analytical method). In this view, individual laboratory data are plotted 
(circles) with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method 
employed. The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for 
the consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the 
consensus mean that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. The red shaded region represents the NIST range of tolerance, 
which encompasses the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST 
score, |𝑍𝑍NIST| ≤ 2. The shaded beige region represents the overlapping of the 95 % confidence interval for the consensus mean (green 
region) and the NIST range of tolerance (red region). The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 2-16. Laboratory means for total THC in Hemp Oil 1 and Hemp Oil 2 (sample/sample comparison view). In this view, the 
individual laboratory mean for one sample (Hemp Oil 1) is compared to the individual laboratory mean for a second sample (Hemp 
Oil 2). The solid red box represents the NIST range of tolerance for the two samples, Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), 
which encompasses the target values bounded by their uncertainties (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST 
score, |𝑍𝑍NIST| ≤ 2. The dotted blue box represents the consensus range of tolerance for Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), 
calculated as the values above and below the consensus means that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2.
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SECTION 3: CBD, CBDA, AND TOTAL CBD 
Study Overview 
CBD is the primary cannabinoid found in hemp oils, which has attracted significant interest due 
to numerous purported beneficial health effects along with its safety and tolerability profile in 
humans.6 The first CBD drug, Epidiolex, was approved by the US FDA in 2018 to treat two rare 
forms of epilepsy.7 More recently, the FDA has extended approval in 2020 for treatment of 
seizures associated with tuberous sclerosis complex in patients 1 year and older. CBD does not 
exist in Cannabis naturally but is formed following decarboxylation of its acidic form (CBDA) 
through exposure to heat or light. These decarboxylation steps are commonly used in the 
production of hemp oils to increase CBD content. Participants in this study were asked to use 
in-house analytical methods to determine the mass fraction (%) of CBD, CBDA, and total CBD in 
three hemp oils. The preparation of these hemp oils included a decarboxylation step resulting in 
extremely low levels of CBDA and levels of CBD in normal commercial product ranges. 
 
Reporting Statistics 
• The enrollment and reporting statistics for CBD, CBDA, and total CBD are described in the 

table below for each analyte. Reported values may include non-quantitative results (zero or 
below LOQ). 

 

 Hemp Oil 1 Hemp Oil 2 Hemp Oil 2a 
  Percent  Percent  Percent 
 Number of Reporting Number of Reporting Number of Reporting 

Analyte Participants Results Participants Results Participants Results 
CBD 77 88 % 90 88 % 19 63 % 

CBDA 72 76 % 81 73 % 19 42 % 
Total CBD 68 71 % 75 73 % 19 53 % 

 

• Most laboratories reported using solvent extraction or sample dilution for determination of 
CBD, CBDA, and total CBD in the three hemp oil samples (see table below). Additional 
sample preparation details are summarized at the end of the report in Appendix I. 

 

Reported  Percent Reporting 
Preparation Method CBD CBDA Total CBD 
Solvent Extraction 68.3 71.5 70.3 

Dilution 26.7 24.1 22.7 
Other 0.6 1.5 2.3 
None 1.2 0.0 0.0 

No Response 3.1 2.9 4.7 
 

 
6  X Lim, T Tan, S Rosli, M Sa’at, S Ali, A Mohamed. PLOS ONE 16(1): 1-22 (2021) 

https://doi.org/10.1371/journal.pone.0245471. 
7  https://www.fda.gov/news-events/press-announcements/fda-approves-first-drug-comprised-active-ingredient-

derived-marijuana-treat-rare-severe-forms. 

https://doi.org/10.1371/journal.pone.0245471
https://www.fda.gov/news-events/press-announcements/fda-approves-first-drug-comprised-active-ingredient-derived-marijuana-treat-rare-severe-forms
https://www.fda.gov/news-events/press-announcements/fda-approves-first-drug-comprised-active-ingredient-derived-marijuana-treat-rare-severe-forms


 

50 

This publication is available free of charge from
: https://doi.org/10.6028/N

IST.IR
.8385 

• Most laboratories reported using LC-PDA or LC-UV for the determination of CBD, CBDA, 
and total CBD (see table below). Additional method details are summarized at the end of the 
report in Appendix I. 

 
Reported  Percent Reporting 

Analytical Method CBD CBDA Total CBD 
LC-PDA 62.7 62.8 66.4 
LC-UV 26.1 31.4 25.8 
LC-MS 1.9 2.2 1.6 

LC-MS/MS 3.1 3.6 2.3 
GC-FID 3.1 0.0 3.1 
GC-MS 3.1 0.0 0.0 
Other 0.0 0.0 0.8 

 
Study Results 
CBD 
• The mass fractions (%) for CBD were determined by NIST using LC-PDA as described in 

Section 2 and are summarized in Table 3-1. These NIST values are used as the target means 
and ranges summarized Table 3-2 for comparison to the participant results. 

• The target and consensus means and ranges are summarized for CBD via different analytical 
methods in Figure 3-1, Figure 3-2, and Figure 3-3, which include data from laboratories 
submitting two or three results for CBD. Data from participants submitting only one 
measurement were included in Table 3-2 but were not included in the calculation of consensus 
statistics.2 
• For CBD in Hemp Oil 1, the consensus range was based on quantitative results from 68 

laboratories and completely overlaps the target range (Figure 3-1). 
• The individual laboratory means from 31 laboratories (46 % of those reporting results) 

were outside the NIST range of tolerance for CBD in Hemp Oil 1. 
• The individual laboratory means from 9 laboratories (13 % of those reporting results) 

were outside the acceptable 𝑍𝑍comm′  score for CBD in Hemp Oil 1. 
• No results were reported using thresholds or LOQs for CBD in Hemp Oil 1. 

• For CBD in Hemp Oil 2, the consensus range was based on quantitative results from 79 
laboratories and completely overlaps the target range (Figure 3-2). 
• The individual laboratory means from 15 laboratories (19 % of those reporting results) 

were outside the NIST range of tolerance for CBD in Hemp Oil 2. 
• The individual laboratory means from 9 laboratories (11 % of those reporting results) 

were outside the acceptable 𝑍𝑍comm′  score for CBD in Hemp Oil 2. 
• No results were reported using thresholds or LOQs for CBD in Hemp Oil 2. 

• For CBD in Hemp Oil 2a, the consensus range was based on quantitative results from 11 
laboratories and does not overlap the target range (Figure 3-3). 
• The individual laboratory means from 11 laboratories (100 % of those reporting results) 

were outside the NIST range of tolerance for CBD in Hemp Oil 2a. 
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• All individual laboratory means were within the acceptable 𝑍𝑍comm′  score for CBD in 
Hemp Oil 2a. 

• No results were reported using thresholds or LOQs for CBD in Hemp Oil 2. 
• A comparison of individual laboratory means for Δ9-THC in Hemp Oil 1 and Hemp Oil 2 is 

summarized in Figure 3-4 for laboratories who reported results for both samples. 
 

CBDA 
• No target means or ranges were provided in Table 3-1 for CBDA in the three hemp oils. 
• The consensus means and ranges for CBDA are based on quantitative data from 38 laboratories 

(Figure 3-5), 34 laboratories (Figure 3-6), and 4 laboratories (Figure 3-7) for Hemp Oil 1, 
Hemp Oil 2, and Hemp Oil 2a, respectively. Data from participants submitting only one 
measurement were included in Table 3-3 but were not included in the calculation of consensus 
statistics.2 

• A comparison of individual laboratory means for CBDA in Hemp Oil 1 and Hemp Oil 2 is 
summarized in Figure 3-8 for laboratories who reported results for both samples. 

 
Total CBD 
• The mass fractions (%) for total CBD in the hemp oil samples were determined by NIST using 

LC-PDA as described in Section 1 and are summarized in Table 3-1. These NIST values are 
used as the target means and ranges summarized in Table 3-4 for comparison to the participant 
results. 

• The target and consensus means and ranges are summarized for total CBD via different 
analytical methods in Figure 3-9, Figure 3-10, and Figure 3-11, which include data from 
laboratories submitting two or three measurements for total CBD. Data from participants 
submitting only one measurement were included in Table 3-4 but were not included in the 
calculation of consensus statistics.2 
• For total CBD in Hemp Oil 1, the consensus range was based on quantitative results from 

48 laboratories and is completely within the target range (Figure 3-9). 
• The individual laboratory means from 23 laboratories (48 % of those reporting results) 

were outside the NIST range of tolerance for total CBD in Hemp Oil 1. 
• The individual laboratory means from 6 laboratories (13 % of those reporting results) 

were outside the acceptable 𝑍𝑍comm′  score for total CBD in Hemp Oil 1. 
• No results were reported using thresholds or LOQs for CBD in Hemp Oil 1. 

• For total CBD in Hemp Oil 2, the consensus range was based on quantitative results from 
55 laboratories and its completely within the target range (Figure 3-10). 
• The individual laboratory means from 11 laboratories (20 % of those reporting results) 

were outside the NIST range of tolerance for total CBD in Hemp Oil 2. 
• The individual laboratory means from 5 laboratories (9 % of those reporting results) 

were outside the acceptable 𝑍𝑍comm′  score for total CBD in Hemp Oil 2. 
• No results were reported using thresholds or LOQs for CBD in Hemp Oil 2. 

• For total CBD in Hemp Oil 2a, the consensus range was based on quantitative results from 
10 laboratories and does not overlap the target range (Figure 3-11). 
• The individual laboratory means from 10 laboratories (100 % of those reporting results) 

were outside the NIST range of tolerance for total CBD in Hemp Oil 2a. 
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• No individual laboratory means were outside the acceptable 𝑍𝑍comm′  score for total CBD 
in Hemp Oil 2a. 

• No results were reported using thresholds or LOQs for CBD in Hemp Oil 2a. 
• A comparison of individual laboratory means for total CBD in Hemp Oil 1 and Hemp Oil 2 is 

summarized in Figure 3-12 for laboratories who reported results for both samples. 
 
Overall 
• The between-laboratory variabilities for determination of CBD, CBDA, and total CBD in the 

hemp oil samples are shown in the table below. 
 
 Between-Laboratory Variability (% RSD) 

Analyte Hemp Oil 1 Hemp Oil 2 Hemp Oil 2a 
CBD 1.0 0.9 8.5 

CBDA 9.0 26.0 78.2 
Total CBD 1.1 1.0 9.4 

 
Study Discussion and Technical Recommendations 
The following recommendations are based on results obtained from the participants in this study. 
 
CBD 
• Approximately 15 % of the laboratories reporting results for CBD provided values outside the 

consensus ranges for both Hemp Oil 1 and Hemp Oil 2 (Figure 3-4).  
• Laboratories reporting results below the consensus mean in Hemp Oil 1 also reported 

results below the consensus mean for Hemp Oil 2. The reverse is also observed for 
laboratories reporting values above the consensus mean in both samples. Trends of this 
type often indicate a calibration bias. 

• The between-laboratory variability for CBD was higher in Hemp Oil 2a (9.4 %) than Hemp 
Oil 1 or Hemp Oil 2 (≈ 1 %). The variability of individual laboratory means was slightly higher 
for CBD in Hemp Oil 1 (2.6 %) and Hemp Oil 2 (2.2 %) in comparison to Hemp Oil 2a (1.4 %). 
• Hemp Oil 2a was prepared through a methanol/ethanol extraction of Hemp Oil 2 at NIST. 

The additional processing of Hemp Oil 2a was expected to result in minimal variability 
both within and among participating laboratories. 

• The elevated level of variability may be an artifact of significantly fewer laboratories 
reporting results for Hemp Oil 2a (11) compared to Hemp Oil 1 (68) and Hemp Oil 2 (79). 

• No additional trends were observed for the sample preparation, analytical methods, and/or 
analytical parameters reported for CBD in the three hemp oil samples. 

 
CBDA 
• Approximately 15 % of the laboratories reporting results for CBDA provided values outside 

the consensus ranges for both Hemp Oil 1 and Hemp Oil 2 (Figure 3-8). 
• Laboratories reporting results above the consensus mean in Hemp Oil 1 did not necessarily 

report results above the consensus mean for Hemp Oil 2. Trends of this type often represent 
potential sample interferences and miss identifications due to levels of CBDA being at or 
below participants LOQs. 
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• No laboratories reported results below the consensus mean in Hemp Oil 1 or Hemp Oil 2 
for CBDA. 

• Most laboratories reported that CBDA was present in the samples at or below their LOQ (non-
zero values). The low levels resulted in large consensus ranges and between-laboratory 
variabilities (9.0 % to 78.2 %). 
• Approximately 6 % of the laboratories reporting results used LC-MS or LC-MS/MS 

methods with all having low enough LOQs to determine CBDA at the consensus levels in 
Hemp Oil 1, Hemp Oil 2, and Hemp Oil 2a. 

• Approximately 94 % of the laboratories reporting results used LC-UV or LC-PDA methods 
with only 50 %, 38 %, and 29 % of these laboratories with low enough LOQs to determine 
CBDA at the consensus levels in Hemp Oil 1, Hemp Oil 2, and Hemp Oil 2a, respectively. 

• No additional trends were observed for the sample preparation, analytical methods, and/or 
analytical parameters reported for CBDA in the three hemp oil samples. 

 
Total CBD 
• Approximately 15 % of the laboratories reporting results for total CBD provided values outside 

the consensus range for both Hemp Oil 1 and Hemp Oil 2 (Figure 3-12). 
• Laboratories reporting results below the consensus mean in Hemp Oil 1 also reported 

results below the consensus mean for Hemp Oil 2. The reverse is also observed for 
laboratories reporting values above the consensus mean in both samples. Trends of this 
type often indicate a calibration bias. 

• The between-laboratory variability for total CBD was higher in Hemp Oil 2a (≈ 9 %) than 
Hemp Oil 1 or Hemp Oil 2 (≈ 1 %). The variability of individual mean laboratory means was 
slightly higher for total CBD in Hemp Oil 1 (≈ 2.4 %) and Hemp Oil 2 (≈ 2.2 %) in comparison 
to Hemp Oil 2a (≈ 1.4 %). 
• Hemp Oil 2a was prepared through a methanol/ethanol extraction of Hemp Oil 2 at NIST. 

The additional processing of Hemp Oil 2a was expected to result in minimal variability 
both within and among participating laboratories. 

• The elevated level of variability may be an artifact of significantly fewer laboratories 
reporting results for Hemp Oil 2a (10) compared to Hemp Oil 1 (48) and Hemp Oil 2 (55). 

• No additional trends were observed for the sample preparation, analytical methods, and/or 
analytical parameters reported for total CBD in the three hemp oil samples. 

 
Overall 
• Proper storage conditions are important for hemp oils because CBDA can readily convert to 

CBD when stored at elevated or room temperatures. 
• Participants were asked to store the samples under controlled refrigeration (≈ 4 ºC). 
• Laboratories should perform in-house evaluations of their storage conditions through 

stability test of their hemp oils at various environmental factors such as temperature, 
humidity, and light exposure.5 

• Laboratories should make total CBD determinations via experimentally converting CBDA to 
CBD (using elevated temperature or specific chemical reagents) or via calculation of total CBD 
from the sum of measured CBD and CBDA in the sample using the equation below. 
 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝐶𝐶𝐶𝐶 = 𝑚𝑚𝑇𝑇𝑠𝑠𝑠𝑠 % 𝑇𝑇𝐶𝐶𝐶𝐶 + (0.877 × 𝑚𝑚𝑇𝑇𝑠𝑠𝑠𝑠 % 𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇) 
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• Over 100 cannabinoids have been identified in Cannabis plant samples with similarities in 
structure and molecular mass. As a result, chromatographic peak identity should always be 
confirmed using appropriate reference spectra of pure standards for cannabinoids and is 
particularly important for cannabinoids that are present at levels close to the method LOQ. 
Analytical methods should be able to clearly distinguish between cannabinoids. 

• The use of appropriate calibration materials and quality assurance samples to establish that a 
method is in control and being performed correctly may reduce the likelihood of outlying data. 
Quality assurance samples can be commercially available reference materials (CRMs, SRMs, 
or RMs) or materials prepared in-house. 

• Measurement results should be reported accurately. 
• Reported values should be the mass fraction (%) of the CBD, CBDA, and total CBD in the 

three hemp oil samples. Participants who reported values based on a volume fraction (%) 
for Hemp Oil 2 or Hemp Oil 2a should use the density of the sample for the conversion to 
mass fraction. Hemp Oil 1 was too viscous to prepare dilutions by volume. 

• Zero is not a quantity that can be measured. If values are below LOQ, results should be 
reported as such. A more appropriate result would be to report that a value is below the 
LOQ (e.g., “< 0.02”). 

• Laboratories reporting results based on a certain threshold should enter the numerical 
threshold (e.g., “< 1”). 

• Laboratories reporting results flagged as outliers should check for calculation errors when 
preliminary data tables are sent for inspection. One example is to confirm that factors for 
all dilutions have been properly tabulated or that results are reported in the requested units. 
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Table 3-1. Individualized data summary table (NIST) for CBD, CBDA, and total CBD in hemp oils. 
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Table 3-2. Data summary table for CBD in hemp oils. Data highlighted in red have been flagged 
as a data entry of zero or results that include text (e.g., “< LOQ” or “present”). Data highlighted 
in blue have been identified as outside the consensus tolerance limits and would be estimated to 
result in an unacceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≥ 2. Note: This table spans two pages; the NIST 
values and consensus values are included on both pages for convenience. 
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Figure 3-1. CBD in Hemp Oil 1 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that 
result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. The red shaded region represents the NIST range of tolerance, which encompasses 
the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST score, |𝑍𝑍NIST| ≤ 2. 
The shaded beige region represents the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NIST 
range of tolerance (red region).  
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Figure 3-2. CBD in Hemp Oil 2 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that 
result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. The red shaded region represents the NIST range of tolerance, which encompasses 
the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST score, |𝑍𝑍NIST| ≤ 2. 
The shaded beige region represents the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NIST 
range of tolerance (red region). 
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Figure 3-3. CBD in Hemp Oil 2a (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that 
result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. The red shaded region represents the NIST range of tolerance, which encompasses 
the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST score, |𝑍𝑍NIST| ≤ 2. 
The shaded beige region represents the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NIST 
range of tolerance (red region). 
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Figure 3-4. Laboratory means for CBD in Hemp Oil 1 and Hemp Oil 2 (sample/sample comparison view). In this view, the individual 
laboratory mean for one sample (Hemp Oil 1) is compared to the individual laboratory mean for a second sample (Hemp Oil 2). The 
solid red box represents the NIST range of tolerance for the two samples, Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), which 
encompasses the target values bounded by their uncertainties (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST score, 
|𝑍𝑍NIST| ≤ 2. The dotted blue box represents the consensus range of tolerance for Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), calculated 
as the values above and below the consensus means that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2.
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Table 3-3. Data summary table for CBDA in hemp oils. Data highlighted in red have been flagged 
as a data entry of zero or results that include text (e.g., “< LOQ” or “present”). Data highlighted 
in blue have been identified as outside the consensus tolerance limits and would be estimated to 
result in an unacceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≥ 2. Note: This table spans two pages; the NIST 
values and consensus values are included on both pages for convenience. 
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Figure 3-5. CBDA in Hemp Oil 1 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus mean that 
results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in this 
material. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 3-6. CBDA in Hemp Oil 2 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus mean that 
results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in this 
material. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 3-7. CBDA in Hemp Oil 2a (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus mean that 
results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in this 
material. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 3-8. Laboratory means for CBDA in Hemp Oil 1 and Hemp Oil 2 (sample/sample comparison view). In this view, the individual 
laboratory mean for one sample (Hemp Oil 1) is compared to the individual laboratory mean for a second sample (Hemp Oil 2). The 
dotted blue box represents the consensus range of tolerance for Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), calculated as the values 
above and below the consensus means that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2.
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Table 3-4. Data summary table for total CBD in hemp oils. Data highlighted in blue have been 
identified as outside the consensus tolerance limits and would be estimated to result in an 
unacceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≥ 2. Note: This table spans two pages; the NIST values and 
consensus values are included on both pages for convenience. 
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Figure 3-9. Total CBD in Hemp Oil 1 (data summary view – analytical method). In this view, individual laboratory data are plotted 
(circles) with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method 
employed. The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for 
the consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the 
consensus mean that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. The red shaded region represents the NIST range of tolerance, 
which encompasses the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST 
score, |𝑍𝑍NIST| ≤ 2. The shaded beige region represents the overlapping of the 95 % confidence interval for the consensus mean (green 
region) and the NIST range of tolerance (red region). 
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Figure 3-10. Total CBD in Hemp Oil 2 (data summary view – analytical method). In this view, individual laboratory data are plotted 
(circles) with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method 
employed. The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for 
the consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the 
consensus mean that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. The red shaded region represents the NIST range of tolerance, 
which encompasses the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST 
score, |𝑍𝑍NIST| ≤ 2. The shaded beige region represents the overlapping of the 95 % confidence interval for the consensus mean (green 
region) and the NIST range of tolerance (red region). 
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Figure 3-11. Total CBD in Hemp Oil 2a (data summary view – analytical method). In this view, individual laboratory data are plotted 
(circles) with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method 
employed. The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for 
the consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the 
consensus mean that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. The red shaded region represents the NIST range of tolerance, 
which encompasses the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST 
score, |𝑍𝑍NIST| ≤ 2. The shaded beige region represents the overlapping of the 95 % confidence interval for the consensus mean (green 
region) and the NIST range of tolerance (red region). 
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Figure 3-12. Laboratory means for total CBD in Hemp Oil 1 and Hemp Oil 2 (sample/sample comparison view). In this view, the 
individual laboratory mean for one sample (Hemp Oil 1) is compared to the individual laboratory mean for a second sample (Hemp 
Oil 2). The solid red box represents the NIST range of tolerance for the two samples, Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), 
which encompasses the target values bounded by their uncertainties (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST 
score, |𝑍𝑍NIST| ≤ 2. The dotted blue box represents the consensus range of tolerance for Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), 
calculated as the values above and below the consensus means that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2.
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SECTION 4: CBC AND CBCA 
Study Overview 
CBC is a non-intoxicating cannabinoid that has attracted significant interest due to research 
showing potential health benefits for humans.8 CBC is one of the most commonly identified 
cannabinoids in Cannabis plants and Cannabis-derived products, and reliable analytical methods 
are needed to better understand the health impacts of CBC consumption. CBC does not exist in 
Cannabis plant naturally but is formed following decarboxylation of its acidic precursor (CBCA) 
by exposure to heat or light. Participants in this study were asked to use in-house analytical 
methods to determine the mass fraction (%) of CBC and CBCA in three hemp oil samples. The 
preparation of these hemp oils included a decarboxylation step resulting in extremely low levels 
of CBCA and levels of CBC in normal commercial product ranges. 
 
Reporting Statistics 
• The enrollment and reporting statistics for CBC and CBCA are described in the table below 

for each analyte. Reported values may include non-quantitative results (zero or below LOQ).  
 

 Hemp Oil 1 Hemp Oil 2 Hemp Oil 2a 
  Percent  Percent  Percent 
 Number of Reporting Number of Reporting Number of Reporting 

Analyte Participants Results Participants Results Participants Results 
CBC 63 84 % 71 85 % 19 63 % 

CBCA 36 56 % 38 55 % 19 21 % 
 

• Most laboratories reported using solvent extraction or sample dilution for determination of 
CBC and CBCA in the three hemp oil samples (see table below). Additional sample 
preparation details are summarized at the end of the report in Appendix I. 

 
Reported  Percent Reporting 

Preparation Method CBC CBCA 
Solvent Extraction 71.1 68.3 

Dilution 21.9 26.7 
Other 0.0 0.0 
None 2.3 1.7 

No Response 4.7 3.3 
 

  

 
 
8 M Zagozen, A Cerenak, S Kreft. Acta Pharm. 71: 355-364 (2021) https://doi.org/10.2478/acph-2021-0021. 

https://doi.org/10.2478/acph-2021-0021
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• Most laboratories reported using LC-PDA or LC-UV for the determination of CBC and CBCA 
in the three hemp oil samples (see table below). Additional method details are summarized at 
the end of the report in Appendix I. 

 
Reported  Percent Reporting 

Analytical Method CBC CBCA 
LC-PDA 68.3 57.7 
LC-UV 28.1 36.7 
LC-MS 1.6 3.3 

LC-MS/MS 4.7 0.0 
GC-FID 0.0 0.0 
GC-MS 2.3 0.0 
Other 0.0 3.3 

 
Study Results 
CBC 
• The mass fractions (%) for CBC in the hemp oil samples were determined by NIST using 

LC-PDA as described in Section 1 and are summarized in Table 4-1. These NIST values are 
used as the target means and ranges summarized in Table 4-2 for comparison to the participant 
results. 

• The target and consensus means and ranges are summarized for CBC via different analytical 
methods in Figure 4-1, Figure 4-2, and Figure 4-3, which include data from laboratories 
submitting two or three results for CBC. Data from participants submitting only one 
measurement were included in Table 4-2 but were not included in the calculation of consensus 
statistics.2 
• For CBC in Hemp Oil 1, the consensus range was based on quantitative results from 53 

laboratories and does not overlap with the target range (Figure 4-1). 
• The individual laboratory means or thresholds from 49 laboratories (93 % of those 

reporting results) were outside the NIST range of tolerance for CBC in Hemp Oil 1. 
• The individual laboratory means from 9 laboratories (17 % of those reporting results) 

were outside the acceptable 𝑍𝑍comm′  score for CBC in Hemp Oil 1. 
• No results were reported using thresholds or LOQs for CBC in Hemp Oil 1. 

• For CBC in Hemp Oil 2, the consensus range was based on quantitative results from 59 
laboratories and overlaps 20 % of the target range (Figure 4-2). 
• The individual laboratory means or thresholds from 42 laboratories (71 % of those 

reporting results) were outside the NIST range of tolerance for CBC in Hemp Oil 2. 
• The individual laboratory means from 9 laboratories (15 % of those reporting results) 

were outside the acceptable 𝑍𝑍comm′  score for CBC in Hemp Oil 2. 
• No results were reported using thresholds or LOQs for CBC in Hemp Oil 2. 

• For CBC in Hemp Oil 2a, the consensus range was based on quantitative results from 11 
laboratories and complete overlaps within the target range (Figure 4-3). 
• The individual laboratory means or thresholds from 2 laboratories (18 % of those 

reporting results) were outside the NIST range of tolerance for CBC in Hemp Oil 2a. 
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• The individual laboratory mean from 1 laboratory (9 % of those reporting results) was 
outside the acceptable 𝑍𝑍comm′  score for CBC in Hemp Oil 2a. 

• No results were reported using thresholds or LOQs for CBC in Hemp Oil 2a. 
• A comparison of individual laboratory means for CBC in Hemp Oil 1 and Hemp Oil 2 is 

summarized in Figure 4-4 for laboratories who reported results for both samples. 
 
CBCA 
• No target means or ranges were provided in Table 4-1 for CBCA in the three hemp oils. 
• The consensus means and ranges for CBCA are based on quantitative data from 4 laboratories 

(Figure 4-5), 5 laboratories (Figure 4-6) for Hemp Oil 1 and Hemp Oil 2, respectively. A 
consensus mean could not be determined for CBCA in Hemp Oil 2a (Figure 4-7). Data from 
participants submitting only one measurement were included in Table 4-3 but were not 
included in the calculation of consensus statistics.2 

• A comparison of individual laboratory means for CBCA in Hemp Oil 1 and Hemp Oil 2 is 
summarized in Figure 4-8 for laboratories who reported results for both samples. 

 
Overall 
• The between-laboratory variabilities for determination of CBC and CBCA in the hemp oil 

samples are shown in the table below. 
 
 Between-Laboratory Variability (% RSD) 

Analyte Hemp Oil 1 Hemp Oil 2 Hemp Oil 2a 
CBC 1.6 1.4 6.0 

CBCA 136.9 146.6 NA 
 
Study Discussion and Technical Recommendations 
The following recommendations are based on results obtained from the participants in this study. 
 
CBC 
• Approximately 19 % of the laboratories reporting results for CBC provided values outside the 

consensus ranges for both Hemp Oil 1 and Hemp Oil 2 (Figure 4-4). 
• Laboratories reporting results above the consensus mean in Hemp Oil 1 did not necessarily 

report results above the consensus mean for Hemp Oil 2. Trends of this type often represent 
potential sample interferences and miss identifications as illustrated in Section 1 for CBC. 

• The between-laboratory variability for CBC was higher in Hemp Oil 2a (6.0 %) than Hemp 
Oil 1 or Hemp Oil 2 (≈ 1.5 %). The variability of individual mean laboratory means was higher 
for CBC in Hemp Oil 1 (6.7 %) in comparison to Hemp Oil 2 (3.3 %) and Hemp Oil 2a (2.0 %). 
• Hemp Oil 2a was prepared through a methanol/ethanol extraction of Hemp Oil 2 at NIST. 

The additional processing of Hemp Oil 2a was expected to result in minimal variability 
both within and among participating laboratories. 

• The elevated level of variability may be an artifact of significantly fewer laboratories 
reporting results for Hemp Oil 2a (11) compared to Hemp Oil 1 (53) and Hemp Oil 2 (59). 

• NIST also observed a significant interference in the chromatographic peak of CBC as discussed 
in Section 1. Modification of the detection wavelength to 230 nm eliminated most of the 
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interference; however, presence of a small interference is possible and may result in high bias 
of the NIST target value in comparison to the results obtained by other LC-UV and LC-PDA 
methods using different separation parameters. No trends for sample preparation were 
observed to explain the low recovery of CBC relative to the NIST value. 

• No additional trends were observed for the sample preparation, analytical methods, and/or 
analytical parameters reported for CBC in the three hemp oil samples. 

 
CBCA 
• Most laboratories reported that CBCA was present in the samples at or below their LOQ (non-

zero values). The low levels resulted in large consensus ranges and between-laboratory 
variabilities (21 % to 56 %). 
• Approximately 3 % of the laboratories reporting results used LC-MS or LC-MS/MS 

methods did not have low enough LOQs to determine CBCA at the consensus levels in 
Hemp Oil 1, Hemp Oil 2, and Hemp Oil 2a. 

• Approximately 93 % of the laboratories reporting results used LC-UV or LC-PDA methods 
with only 5 %, 5 %, and 33 % of these laboratories with low enough LOQs to determine 
CBCA at the consensus levels in Hemp Oil 1, Hemp Oil 2, and Hemp Oil 2a, respectively. 

• No additional trends were observed for the sample preparation, analytical methods, and/or 
analytical parameters reported for CBCA in the three hemp oil samples. 

 
Overall 
• Proper storage conditions are important for hemp oils because CBCA can readily convert to 

CBC when stored at elevated or room temperatures. 
• Participants were asked to store the samples under controlled refrigeration (≈ 4 ºC). 
• Laboratories should perform in-house evaluations of their storage conditions through 

stability test of their hemp oils at various environmental factors such as temperature, 
humidity, and light exposure.5 

• Over 100 cannabinoids have been identified in Cannabis plant samples with similarities in 
structure and molecular mass. As a result, chromatographic peak identity should always be 
confirmed using appropriate reference spectra of pure standards for cannabinoids and is 
particularly important for cannabinoids that are present at levels close to the method LOQ. 
Analytical methods should be able to clearly distinguish between cannabinoids. 

• The use of appropriate calibration materials and quality assurance samples to establish that a 
method is in control and being performed correctly may reduce the likelihood of outlying data.  
Quality assurance samples can be commercially available reference materials (CRMs, SRMs, 
or RMs) or materials prepared in-house. 

• Measurement results should be reported accurately. 
• Reported values should be the mass fraction (%) of the CBC and CBCA in the three hemp 

oil samples. Participants who reported values based on a volume fraction (%) for Hemp 
Oil 2 or Hemp Oil 2a should use the density of the sample for the conversion to mass 
fraction. Hemp Oil 1 was too viscous to prepare dilutions by volume. 

• Zero is not a quantity that can be measured. If values are below LOQ, results should be 
reported as such. A more appropriate result would be to report that a value is below the 
LOQ (e.g., “< 0.02”). 

• Laboratories reporting results based on a certain threshold should enter the numerical 
threshold (e.g., “< 1”). 
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• Laboratories reporting results flagged as outliers should check for calculation errors when 
preliminary data tables are sent for inspection. One example is to confirm that factors for 
all dilutions have been properly tabulated or that results are reported in the requested units. 
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Table 4-1. Individualized data summary table (NIST) for CBC and CBCA in hemp oils. 
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Table 4-2. Data summary table for CBC in hemp oils. Data highlighted in red have been flagged 
as a data entry of zero or results that include text (e.g., “< LOQ” or “present”). Data highlighted 
in blue have been identified as outside the consensus tolerance limits and would be estimated to 
result in an unacceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≥ 2. Note: This table spans two pages; the NIST 
values and consensus values are included on both pages for convenience. 
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Figure 4-1. CBC in Hemp Oil 1 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that 
result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. The red shaded region represents the NIST range of tolerance, which encompasses 
the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST score, |𝑍𝑍NIST| ≤ 2. 
The shaded beige region represents the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NIST 
range of tolerance (red region). 
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Figure 4-2. CBC in Hemp Oil 2 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that 
result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. The red shaded region represents the NIST range of tolerance, which encompasses 
the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST score, |𝑍𝑍NIST| ≤ 2. 
The shaded beige region represents the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NIST 
range of tolerance (red region). 
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Figure 4-3. CBC in Hemp Oil 2a (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that 
result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. The red shaded region represents the NIST range of tolerance, which encompasses 
the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST score, |𝑍𝑍NIST| ≤ 2. 
The shaded beige region represents the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NIST 
range of tolerance (red region). 
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Figure 4-4. Laboratory means for CBC in Hemp Oil 1 and Hemp Oil 2 (sample/sample comparison view). In this view, the individual 
laboratory mean for one sample (Hemp Oil 1) is compared to the individual laboratory mean for a second sample (Hemp Oil 2). The 
solid red box represents the NIST range of tolerance for the two samples, Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), which 
encompasses the target values bounded by their uncertainties (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST score, 
|𝑍𝑍NIST| ≤ 2. The dotted blue box represents the consensus range of tolerance for Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), calculated 
as the values above and below the consensus means that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2.
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Table 4-3. Data summary table for CBCA in hemp oils. Data highlighted in red have been flagged 
as a data entry of zero or results that include text (e.g., “< LOQ” or “present”). 
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Figure 4-5. CBCA in Hemp Oil 1 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus mean that 
results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in this 
material. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 4-6. CBCA in Hemp Oil 2 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus mean that 
results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in this 
material. The downward triangle represents data reported as a threshold or LOQ value. 
 



 

89 

This publication is available free of charge from
: https://doi.org/10.6028/N

IST.IR
.8385 

 
Figure 4-7. CBCA in Hemp Oil 2a (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 4-8. Laboratory means for CBCA in Hemp Oil 1 and Hemp Oil 2 (sample/sample comparison view). In this view, the individual 
laboratory mean for one sample (Hemp Oil 1) is compared to the individual laboratory mean for a second sample (Hemp Oil 2). The 
dotted blue box represents the consensus range of tolerance for Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), calculated as the values 
above and below the consensus means that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2.
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SECTION 5: CBDV AND CBDVA 
Study Overview 
CBDV is a non-intoxicating cannabinoid often detected in Cannabis plants and Cannabis-derived 
products. CBDV is a homolog of CBD with an alternate side chain shortened by two methylene 
units. CBDV has attracted significant interest in the research community and reliable analytical 
methods are necessary to further explore potential health benefits.9 CBDV does not exist in the 
Cannabis plant naturally but is formed through decarboxylation of its acidic precursor (CBDVA) 
by exposure to heat or light. Participants in this study were asked to use in-house analytical 
methods to determine the mass fraction (%) of CBDV and CBDVA in the three hemp oils. The 
preparation of these hemp oils included a decarboxylation step resulting in extremely low levels 
of CBDVA and levels of CBDV consistent with normal ranges in commercial products. 
 
Reporting Statistics 
• The enrollment and reporting statistics for CBDV and CBDVA are described in the table below 

for each analyte. Reported values may include non-quantitative results (zero or below LOQ).  
 

 Hemp Oil 1 Hemp Oil 2 Hemp Oil 2a 
  Percent  Percent  Percent 
 Number of Reporting Number of Reporting Number of Reporting 

Analyte Participants Results Participants Results Participants Results 
CBDV 56 82 % 64 78 % 19 63 % 

CBDVA 38 61 % 40 63 % 19 21 % 
 

• Most laboratories reported using solvent extraction or sample dilution for determination of 
CBDV and CBDVA in the three hemp oil samples (see table below). Additional sample 
preparation details are summarized at the end of the report in Appendix I. 

 
Reported  Percent Reporting 

Preparation Method CBDV CBDVA 
Solvent Extraction 70.4 71.9 

Dilution 24.3 25.0 
Other 0.0 0.0 
None 2.6 1.6 

No Response 2.6 1.6 
 

  

 
 
9 N Stone, A Murphy, T England, S O’Sullivan. Br J Pharmacol. 177: 4330-4352 (2020) 
https://doi.org/10.1111/bph.15185. 

https://doi.org/10.1111/bph.15185
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• Most laboratories reported using LC-PDA or LC-UV for the determination of CBDV and 
CBDVA in the three hemp oil samples (see table below). Additional method details are 
summarized at the end of the report in Appendix I. 

 
Reported  Percent Reporting 

Analytical Method CBDV CBDVA 
LC-PDA 64.3 65.6 
LC-UV 27.0 29.7 
LC-MS 0.0 0.0 

LC-MS/MS 5.2 1.6 
GC-FID 0.0 0.0 
GC-MS 2.6 0.0 
Other 0.9 3.1 

 
Study Results 
CBDV 
• The mass fractions (%) for CBDV in the hemp oil samples were determined by NIST using 

LC-PDA as described in Section 1 and are summarized in Table 5-1. These NIST values are 
used as the target means and ranges summarized in Table 5-2 for comparison to the participant 
results. 

• The target and consensus means and ranges are summarized for CBDV via different analytical 
methods in Figure 5-1, Figure 5-2, and Figure 5-3, which include data from laboratories 
submitting two or three results for CBDV. Data from participants submitting only one 
measurement were included in Table 5-2 but were not included in the calculation of consensus 
statistics.2 
• For CBDV in Hemp Oil 1, the consensus range was based on quantitative results from 39 

laboratories and completely overlaps with the target range (Figure 5-1). 
• The individual laboratory means from 21 laboratories (54 % of those reporting results) 

were outside the NIST range of tolerance for CBDV in Hemp Oil 1. 
• The individual laboratory means from 3 laboratories (8 % of those reporting results) 

were outside the acceptable 𝑍𝑍comm′  score for CBDV in Hemp Oil 1. 
• The thresholds or LOQs for 1 of 6 laboratories reporting qualitative values were below 

the target mean for CBDV in Hemp Oil 1. 
• For CBDV in Hemp Oil 2, the consensus range was based on quantitative results from 49 

laboratories and completely overlaps the target range (Figure 5-2). 
• The individual laboratory means or thresholds from 26 laboratories (53 % of those 

reporting results) were outside the NIST range of tolerance for CBDV in Hemp Oil 2. 
• The individual laboratory means from 7 laboratories (14 % of those reporting results) 

were outside the acceptable 𝑍𝑍comm′  score for CBDV in Hemp Oil 2. 
• No results were reported using thresholds or LOQs for CBDV in Hemp Oil 2. 

• For CBDV in Hemp Oil 2a, the consensus range was based on quantitative results from 11 
laboratories and overlaps 80 % of the target range (Figure 5-3). 
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• The individual laboratory means or thresholds from 6 laboratories (55 % of those 
reporting results) were outside the NIST range of tolerance for CBDV in Hemp Oil 2a. 

• The individual laboratory mean from 1 laboratory (9 % of those reporting results) was 
outside the acceptable 𝑍𝑍comm′  score for CBDV in Hemp Oil 2a. 

• No results were reported using thresholds or LOQs for CBDV in Hemp Oil 2a. 
• A comparison of individual laboratory means for CBDV in Hemp Oil 1 and Hemp Oil 2 is 

summarized in Figure 5-4 for laboratories who reported results for both samples. 
 
CBDVA 
• No target means or ranges were provided in Table 5-1 for CBDVA in the three hemp oils. 
• The consensus means and ranges for CBDVA are based on quantitative data from 9 

laboratories (Figure 5-5), 13 laboratories (Figure 5-6) for Hemp Oil 1 and Hemp Oil 2, 
respectively. A consensus mean could not be determined for CBDVA in Hemp Oil 2a (Figure 
5-7). Data from participants submitting only one measurement were included in Table 5-3 but 
were not included in the calculation of consensus statistics.2 

• A comparison of individual laboratory means for CBDVA in Hemp Oil 1 and Hemp Oil 2 is 
summarized in Figure 5-8 for laboratories who reported results for both samples. 

 
Overall 
• The between-laboratory variabilities for determination of CBDV and CBDVA in the hemp oil 

samples are shown in the table below. 
 
 Between-Laboratory Variability (% RSD) 

Analyte Hemp Oil 1 Hemp Oil 2 Hemp Oil 2a 
CBDV 8.5 3.2 6.3 

CBDVA 69.3 34.9 NA 
 
Study Discussion and Technical Recommendations 
The following recommendations are based on results obtained from the participants in this study. 
 
CBDV 
• Approximately 8 % of the laboratories reporting results for CBDV provided values outside the 

consensus ranges for both Hemp Oil 1 and Hemp Oil 2 (Figure 5-4). 
• Laboratories reporting results below the consensus mean in Hemp Oil 1 also reported 

results below the consensus mean for Hemp Oil 2. The reverse is also observed for 
laboratories reporting values above the consensus mean in both samples. Trends of this 
type often indicate a calibration bias. 

• The between-laboratory variability was lower for CBDV in Hemp Oil 2 (3.2 %) than Hemp 
Oil 1 (8.5 %) and Hemp Oil 2a (6.3 %). The individual mean laboratory variability was lower 
for CBDV in Hemp Oil 2a (3.8 %) in comparison to Hemp Oil 1 (6.1 %) and Hemp Oil 2 
(6.1 %). 
• Hemp Oil 2a was prepared through a methanol/ethanol extraction of Hemp Oil 2 at NIST. 

The additional processing of Hemp Oil 2a was expected to result in minimal variability 
both within and among participating laboratories. 
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• No additional trends were observed for the sample preparation, analytical methods, and/or 
analytical parameters reported for CBDV in the three hemp oil samples. 
 

CBDVA 
• Most laboratories reported that CBDVA was present in the samples at or below their LOQ 

(non-zero values). The low levels resulted in large consensus ranges and between-laboratory 
variabilities (35 % to 69 %). 
• All the laboratories reporting results used LC-UV or LC-PDA methods with only 17 % and 

28 % of these laboratories with low enough LOQs to determine CBDVA at the consensus 
levels in Hemp Oil 1 and Hemp Oil 2. No laboratories using LC-UV or LC-PDA reported 
LOQs low enough to determine CBDVA at the consensus level in Hemp Oil 2a. 

• No additional trends were observed for the sample preparation, analytical methods, and/or 
analytical parameters reported for CBDVA in the three hemp oil samples. 

 
Overall 
• Proper storage conditions are important for hemp oils because CBDVA can readily convert to 

CBDV when stored at elevated or room temperatures. 
• Participants were asked to store the samples under controlled refrigeration (≈ 4 ºC). 
• Laboratories should perform in-house evaluations of their storage conditions through 

stability test of their hemp oils at various environmental factors such as temperature, 
humidity, and light exposure.5 

• Over 100 cannabinoids have been identified in Cannabis plant samples with similarities in 
structure and molecular mass. As a result, chromatographic peak identity should always be 
confirmed using appropriate reference spectra of pure standards for cannabinoids and is 
particularly important for cannabinoids that are present at levels close to the method LOQ. 
Analytical methods should be able to clearly distinguish between cannabinoids. 

• The use of appropriate calibration materials and quality assurance samples to establish that a 
method is in control and being performed correctly may reduce the likelihood of outlying data. 
Quality assurance samples can be commercially available reference materials (CRMs, SRMs, 
or RMs) or materials prepared in-house. 

• Measurement results should be reported accurately. 
• Reported values should be the mass fraction (%) of the CBDV and CBDVA in the three 

hemp oil samples. Participants who reported values based on a volume fraction (%) for 
Hemp Oil 2 or Hemp Oil 2a should use the density of the sample for the conversion to mass 
fraction. Hemp Oil 1 was too viscous to prepare dilutions by volume. 

• Zero is not a quantity that can be measured. If values are below LOQ, results should be 
reported as such. A more appropriate result would be to report that a value is below the 
LOQ (e.g., “< 0.02”). 

• Laboratories reporting results based on a certain threshold should enter the numerical 
threshold (e.g., “< 1”). 

• Laboratories reporting results flagged as outliers should check for calculation errors when 
preliminary data tables are sent for inspection. One example is to confirm that factors for 
all dilutions have been properly tabulated or that results are reported in the requested units. 

 
 
 



 

95 

This publication is available free of charge from
: https://doi.org/10.6028/N

IST.IR
.8385 

Table 5-1. Individualized data summary table (NIST) for CBDV and CBDVA in hemp oils. 
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Table 5-2. Data summary table for CBDV in hemp oils. Data highlighted in red have been flagged 
as a data entry of zero or results that include text (e.g., “< LOQ” or “present”). Data highlighted 
in blue have been identified as outside the consensus tolerance limits and would be estimated to 
result in an unacceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≥ 2. Note: This table spans two pages; the NIST 
values and consensus values are included on both pages for convenience. 
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Figure 5-1. CBDV in Hemp Oil 1 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus mean that 
results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. The red shaded region represents the NIST range of 
tolerance, which encompasses the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an 
acceptable 𝑍𝑍NIST score, |𝑍𝑍NIST| ≤ 2. The shaded beige region represents the overlapping of the 95 % confidence interval for the 
consensus mean (green region) and the NIST range of tolerance (red region). The downward triangle represents data reported as a 
threshold or LOQ value. 
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Figure 5-2. CBDV in Hemp Oil 2 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that 
result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. The red shaded region represents the NIST range of tolerance, which encompasses 
the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST score, |𝑍𝑍NIST| ≤ 2. 
The shaded beige region represents the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NIST 
range of tolerance (red region). 
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Figure 5-3. CBDV in Hemp Oil 2a (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that 
result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. The red shaded region represents the NIST range of tolerance, which encompasses 
the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST score, |𝑍𝑍NIST| ≤ 2. 
The shaded beige region represents the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NIST 
range of tolerance (red region). 
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Figure 5-4. Laboratory means for CBDV in Hemp Oil 1 and Hemp Oil 2 (sample/sample comparison view). In this view, the individual 
laboratory mean for one sample (Hemp Oil 1) is compared to the individual laboratory mean for a second sample (Hemp Oil 2). The 
solid red box represents the NIST range of tolerance for the two samples, Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), which 
encompasses the target values bounded by their uncertainties (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST score, 
|𝑍𝑍NIST| ≤ 2. The dotted blue box represents the consensus range of tolerance for Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), calculated 
as the values above and below the consensus means that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2.



 

102 

This publication is available free of charge from
: https://doi.org/10.6028/N

IST.IR
.8385 

Table 5-3. Data summary table for CBDVA in hemp oils. Data highlighted in red have been 
flagged as a data entry of zero or results that include text (e.g., “< LOQ” or “present”). Data 
highlighted in blue have been identified as outside the consensus tolerance limits and would be 
estimated to result in an unacceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≥ 2. 
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Figure 5-5. CBDVA in Hemp Oil 1 (data summary view – analytical method). In this view, individual laboratory data are plotted 
(circles) with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method 
employed. The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for 
the consensus mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus 
mean that results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in 
this material. The downward triangle represents data reported as a threshold or LOQ value. 
 



 

104 

This publication is available free of charge from
: https://doi.org/10.6028/N

IST.IR
.8385 

 
Figure 5-6. CBDVA in Hemp Oil 2 (data summary view – analytical method). In this view, individual laboratory data are plotted 
(circles) with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method 
employed. The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for 
the consensus mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus 
mean that results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in 
this material. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 5-7. CBDVA in Hemp Oil 2a (data summary view – analytical method). In this view, individual laboratory data are plotted 
(circles) with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method 
employed. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 5-8. Laboratory means for CBDVA in Hemp Oil 1 and Hemp Oil 2 (sample/sample comparison view). In this view, the individual 
laboratory mean for one sample (Hemp Oil 1) is compared to the individual laboratory mean for a second sample (Hemp Oil 2). The 
dotted blue box represents the consensus range of tolerance for Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), calculated as the values 
above and below the consensus means that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2.
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SECTION 6: CBG AND CBGA 
Study Overview 
CBG is a non-intoxicating cannabinoid often detected in Cannabis plants and Cannabis-derived 
products. CBG has attracted significant research interest and reliable analytical methods are 
necessary to explore the potential health benefits.9 CBG does not exist in Cannabis plant naturally 
but is formed through decarboxylation of its acidic precursor (CBGA) by exposure to heat or light. 
CBGA is also a precursor to the formation of CBCA, CBDA, and THCA.10 CBGA is an 
intermediate compound, immediately converted to either THCA or CBDA during the growth cycle 
and limiting the amount of CBGA and CBG found in mature Cannabis plants. Participants in this 
study were asked to use in-house analytical methods to determine the mass fraction (%) of CBG 
and CBGA in the three hemp oils. The preparation of these hemp oils included a decarboxylation 
step resulting in extremely low levels of CBGA and levels of CBG consistent with normal ranges 
in commercial products. 
 
Reporting Statistics 
• The enrollment and reporting statistics for CBG and CBGA are described in the table below 

for each analyte. Reported values may include non-quantitative results (zero or below LOQ).  
 

 Hemp Oil 1 Hemp Oil 2 Hemp Oil 2a 
  Percent  Percent  Percent 
 Number of Reporting Number of Reporting Number of Reporting 

Analyte Participants Results Participants Results Participants Results 
CBG 65 83 % 71 83 % 19 63 % 

CBGA 63 70 % 73 68 % 19 47 % 
 
• Most laboratories reported using solvent extraction or sample dilution for determination of 

CBG and CBGA in the three hemp oil samples (see table below). Additional sample 
preparation details are summarized at the end of the report in Appendix I. 

 
Reported  Percent Reporting 

Preparation Method CBG CBGA 
Solvent Extraction 70.5 73.9 

Dilution 21.2 21.0 
Other 0.0 0.0 
None 2.3 1.7 

No Response 6.1 3.4 
 

  

 
 
10 M Zagozen, A Cerenak, S Kreft. Acta Pharm. 71: 355-364 (2021) https://doi.org/10.2478/acph-2021-0021 

https://doi.org/10.2478/acph-2021-0021
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• Most laboratories reported using LC-PDA or LC-UV for the determination of CBG and CBGA 
in the three hemp oil samples (see table below). Additional method details are summarized at 
the end of the report in Appendix I. 

 
Reported  Percent Reporting 

Analytical Method CBG CBGA 
LC-PDA 63.6 64.7 
LC-UV 26.5 29.4 
LC-MS 2.3 3.4 

LC-MS/MS 3.8 2.5 
GC-FID 1.5 0.0 
GC-MS 2.3 0.0 
Other 0.0 0.0 

 
Study Results 
CBG 
• The mass fractions (%) for CBG in the hemp oil samples were determined by NIST using LC-

PDA as described in Section 1 and are summarized in Table 6-1. These NIST values are used 
as the target means and ranges summarized in Table 6-2 for comparison to the participant 
results. 

• The target and consensus means and ranges are summarized for CBG via different analytical 
methods in Figure 6-1, Figure 6-2, and Figure 6-3, which include data from laboratories 
submitting two or three results for CBG. Data from participants submitting only one 
measurement were included in Table 6-2 but were not included in the calculation of consensus 
statistics.2 
• For CBG in Hemp Oil 1, the consensus range was based on quantitative results from 51 

laboratories and completely overlaps within the target range (Figure 6-1). 
• The individual laboratory means or thresholds from 25 laboratories (49 % of those 

reporting results) were outside the NIST range of tolerance for CBG in Hemp Oil 1. 
• The individual laboratory means from 7 laboratories (14 % of those reporting results) 

were outside the acceptable 𝑍𝑍comm′  score for CBG in Hemp Oil 1. 
• Of the 2 laboratories reporting qualitative results, neither of the thresholds or LOQs 

were below the target mean for CBG in Hemp Oil 1. 
• For CBG in Hemp Oil 2, the consensus range was based on quantitative results from 56 

laboratories and completely overlaps within the target range (Figure 6-2). 
• The individual laboratory means or thresholds from 23 laboratories (41 % of those 

reporting results) were outside the NIST range of tolerance for CBG in Hemp Oil 2. 
• The individual laboratory means from 11 laboratories (20 % of those reporting results) 

were outside the acceptable 𝑍𝑍comm′  score for CBG in Hemp Oil 2. 
• The thresholds or LOQs for 1 of 2 laboratories reporting qualitative results were below 

the target mean for CBG in Hemp Oil 2. 
• For CBG in Hemp Oil 2a, the consensus range was based on quantitative results from 10 

laboratories and overlaps 50 % of the target range (Figure 6-3). 
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• The individual laboratory means or thresholds from 8 laboratories (80 % of those 
reporting results) were outside the NIST range of tolerance for CBG in Hemp Oil 2a. 

• The individual laboratory mean from 2 laboratories (20 % of those reporting results) 
was outside the acceptable 𝑍𝑍comm′  score for CBG in Hemp Oil 2a. 

• The threshold or LOQ for 1 of 1 laboratory reporting qualitative results were below the 
target mean for CBG in Hemp Oil 2a. 

• A comparison of individual laboratory means for CBG in Hemp Oil 1 and Hemp Oil 2 is 
summarized in Figure 6-4 for laboratories who reported results for both samples. 

 
CBGA 
• No target means or ranges were provided in Table 6-1 for CBGA in the three hemp oils. 
• The consensus means and ranges for CBGA are based on quantitative data from 21 laboratories 

(Figure 6-5), 24 laboratories (Figure 6-6), and 3 laboratories (Figure 6-7) for Hemp Oil 1, 
Hemp Oil 2, and Hemp Oil 2a, respectively. Data from participants submitting only one 
measurement were included in Table 6-3 but were not included in the calculation of consensus 
statistics.2 

• A comparison of individual laboratory means for CBGA in Hemp Oil 1 and Hemp Oil 2 is 
summarized in Figure 6-8 for laboratories who reported results for both samples. 

 
Overall 
• The between-laboratory variabilities for determination of CBG and CBGA in the hemp oil 

samples are shown in the table below. 
 
 Between-Laboratory Variability (% RSD) 

Analyte Hemp Oil 1 Hemp Oil 2 Hemp Oil 2a 
CBG 4.1 3.2 13.2 

CBGA 67.6 66.8 137.9 
 

Study Discussion and Technical Recommendations 
The following recommendations are based on results obtained from the participants in this study. 
 
CBG 
• Approximately 27 % of the laboratories reporting results for CBG provided values outside the 

consensus ranges for both Hemp Oil 1 and Hemp Oil 2 (Figure 6-4). 
• Laboratories reporting results below the consensus mean in Hemp Oil 1 also reported 

results below the consensus mean for Hemp Oil 2. The reverse is also observed for 
laboratories reporting values above the consensus mean in both samples. Trends of this 
type often indicate a calibration bias. 

• The between-laboratory variability was higher for CBG in Hemp Oil 2a (13.2 %) than Hemp 
Oil 1 (4.1 %) and Hemp Oil 2 (3.2 %). The variability between individual mean laboratories 
were higher for CBG in Hemp Oil 1 (6.2 %) in comparison to Hemp Oil 2 (4.8 %) and Hemp 
Oil 2a (4.0 %). 
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• Hemp Oil 2a was prepared through a methanol/ethanol extraction of Hemp Oil 2 at NIST. 
The additional processing of Hemp Oil 2a was expected to result in minimal variability 
both within and among participating laboratories. 

• The elevated level of variability may be an artifact of significantly fewer laboratories 
reporting results for Hemp Oil 2a (11) compared to Hemp Oil 1 (65) and Hemp Oil 2 (72). 

• No additional trends were observed for the sample preparation, analytical methods, and/or 
analytical parameters reported for CBG in the three hemp oil samples. 
 

CBGA 
• Approximately 14 % of the laboratories reporting results for CBGA provided values outside 

the consensus ranges for both Hemp Oil 1 and Hemp Oil 2 (Figure 6-8). 
• Laboratories reporting results above the consensus mean in Hemp Oil 1 also reported 

results above the consensus mean for Hemp Oil 2. Trends of this type often indicate a 
calibration bias. 

• No laboratories reported results below the consensus mean in Hemp Oil 1 or Hemp Oil 2 
for CBGA. 

• Most laboratories reported that CBGA was present in the samples at or below their LOQ (non-
zero values). The low levels resulted in large consensus ranges and between-laboratory 
variabilities (67 % to 138 %). 
• Approximately 6 % of the laboratories reporting results used LC-MS or LC-MS/MS 

methods did not have low enough LOQs to determine CBGA at the consensus level in 
Hemp Oil 1 and Hemp Oil 2; however, one laboratory had a low enough LOQ to determine 
CBGA at the consensus level in Hemp Oil 2a. 

• Approximately 94 % of the laboratories reporting results used LC-UV or LC-PDA methods 
with only 11 %, 15 %, and 22 % of these laboratories with low enough LOQs to determine 
CBGA at the consensus level in Hemp Oil 1, Hemp Oil 2, and Hemp Oil 2a, respectively. 

• No additional trends were observed for the sample preparation, analytical methods, and/or 
analytical parameters reported for CBGA in the three hemp oil samples. 

 
Overall 
• Proper storage conditions are important for hemp oils because CBGA can readily convert to 

CBG when stored at elevated or room temperatures. 
• Participants were asked to store the samples under controlled refrigeration (≈ 4 ºC). 
• Laboratories should perform in-house evaluations of their storage conditions through 

stability test of their hemp oils at various environmental factors such as temperature, 
humidity, and light exposure.5 

• Over 100 cannabinoids have been identified in Cannabis plant samples with similarities in 
structure and molecular mass. As a result, chromatographic peak identity should always be 
confirmed using appropriate reference spectra of pure standards for cannabinoids and is 
particularly important for cannabinoids that are present at levels close to the method LOQ. 
Analytical methods should be able to clearly distinguish between cannabinoids. 

• The use of appropriate calibration materials and quality assurance samples to establish that a 
method is in control and being performed correctly may reduce the likelihood of outlying data.  
Quality assurance samples can be commercially available reference materials (CRMs, SRMs, 
or RMs) or materials prepared in-house. 



 

111 

This publication is available free of charge from
: https://doi.org/10.6028/N

IST.IR
.8385 

• Measurement results should be reported accurately. 
• Reported values should be the mass fraction (%) of the CBG and CBGA in the three hemp 

oil samples. Participants who reported values based on a volume fraction (%) for Hemp 
Oil 2 or Hemp Oil 2a should use the density of the sample for the conversion to mass 
fraction. Hemp Oil 1 was too viscous to prepare dilutions by volume. 

• Zero is not a quantity that can be measured. If values are below LOQ, results should be 
reported as such. A more appropriate result would be to report that a value is below the 
LOQ (e.g., “< 0.02”). 

• Laboratories reporting results based on a certain threshold should enter the numerical 
threshold (e.g., “< 1”). 

• Laboratories reporting results flagged as outliers should check for calculation errors when 
preliminary data tables are sent for inspection. One example is to confirm that factors for all 
dilutions have been properly tabulated or that results are reported in the requested units. 
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Table 6-1. Individualized data summary table (NIST) for CBG and CBGA in hemp oils. 
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Table 6-2. Data summary table for CBG in hemp oils. Data highlighted in red have been flagged 
as a data entry of zero or results that include text (e.g., “< LOQ” or “present”). Data highlighted 
in blue have been identified as outside the consensus tolerance limits and would be estimated to 
result in an unacceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≥ 2. Note: This table spans two pages; the NIST 
values and consensus values are included on both pages for convenience. 
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Figure 6-1. CBG in Hemp Oil 1 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that 
result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. The red shaded region represents the NIST range of tolerance, which encompasses 
the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST score, |𝑍𝑍NIST| ≤ 2. 
The shaded beige region represents the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NIST 
range of tolerance (red region). The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 6-2. CBG in Hemp Oil 2 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that 
result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. The red shaded region represents the NIST range of tolerance, which encompasses 
the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST score, |𝑍𝑍NIST| ≤ 2. 
The shaded beige region represents the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NIST 
range of tolerance (red region). The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 6-3. CBG in Hemp Oil 2a (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that 
result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. The red shaded region represents the NIST range of tolerance, which encompasses 
the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST score, |𝑍𝑍NIST| ≤ 2. 
The shaded beige region represents the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NIST 
range of tolerance (red region). The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 6-4. Laboratory means for CBG in Hemp Oil 1 and Hemp Oil 2 (sample/sample comparison view). In this view, the individual 
laboratory mean for one sample (Hemp Oil 1) is compared to the individual laboratory mean for a second sample (Hemp Oil 2). The 
solid red box represents the NIST range of tolerance for the two samples, Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), which 
encompasses the target values bounded by their uncertainties (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST score, 
|𝑍𝑍NIST| ≤ 2. The dotted blue box represents the consensus range of tolerance for Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), calculated 
as the values above and below the consensus means that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2.
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Table 6-3. Data summary table for CBA in hemp oils. Data highlighted in red have been flagged 
as a data entry of zero or results that include text (e.g., “< LOQ” or “present”). Data highlighted 
in blue have been identified as outside the consensus tolerance limits and would be estimated to 
result in an unacceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≥ 2. Note: This table spans two pages; the NIST 
values and consensus values are included on both pages for convenience. 
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Figure 6-5. CBGA in Hemp Oil 1 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus mean that 
results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in this 
material. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 6-6. CBGA in Hemp Oil 2 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus mean that 
results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in this 
material. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 6-7. CBGA in Hemp Oil 2a (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus mean that 
results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in this 
material. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 6-8. Laboratory means for CBGA in Hemp Oil 1 and Hemp Oil 2 (sample/sample comparison view). In this view, the individual 
laboratory mean for one sample (Hemp Oil 1) is compared to the individual laboratory mean for a second sample (Hemp Oil 2). The 
dotted blue box represents the consensus range of tolerance for Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), calculated as the values 
above and below the consensus means that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2.
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SECTION 7: CBL AND CBLA 
Study Overview 
CBL is a non-intoxicating cannabinoid often detected at extremely low levels in Cannabis plants 
and Cannabis-derived products making its determination challenging.11,12 As a result, limited 
information on the potential health benefits of CBL has been conducted and reliable analytical 
methods are necessary to further scientific research. Unlike other cannabinoids formed through 
decarboxylation of an acidic precursor, formation of CBL is understood to occur through the 
degradation of CBC during long-term storage or exposure to heat or light. The acidic precursor of 
CBL, CBLA, has demonstrated resistance to decarboxylation. Participants in this study were asked 
to use in-house analytical methods to determine the mass fraction (%) of CBL and CBLA in the 
three hemp oils. These samples were stored in a control environment that would prevent the 
degradation of CBC resulting in extremely low levels of CBL and CBLA. 
 
Reporting Statistics 
• The enrollment and reporting statistics for CBL and CBLA are described in the table below 

for each analyte. Reported values may include non-quantitative results (zero or below LOQ).  
 

 Hemp Oil 1 Hemp Oil 2 Hemp Oil 2a 
  Percent  Percent  Percent 
 Number of Reporting Number of Reporting Number of Reporting 

Analyte Participants Results Participants Results Participants Results 
CBL 32 72 % 34 71 % 19 21 % 

CBLA 21 43 % 23 39 % 19 5 % 
 
• Most laboratories reported using solvent extraction or sample dilution for determination of 

CBL and CBLA in the three hemp oil samples (see table below). Additional sample preparation 
details are summarized at the end of the report in Appendix I. 

 
Reported Preparation Percent Reporting 

Method CBL CBLA 
Solvent Extraction 63.2 65.5 

Dilution 31.6 31.0 
Other 0.0 0.0 
None 1.8 0.0 

No Response 3.5 3.4 
 

  
 

 
11  Y Wang, B Avula, M ElSohly, M Radwan, M Wang, A Wanas, Z Mehmedic, I Khan. Planta Med 84: 260-266 

(2018) https://doi.org/10.1055/s-0043-124873. 
12  W Gul, S Gul, M Radwan, A Wanas, Z Mehmedic, I Khan, M Sharaf, M ElSohly. J AOAC Intern 98(6): 1523-

1528 (2015) https://doi.org/10.5740/jaoacint.15-095. 

https://doi.org/10.1055/s-0043-124873
https://doi.org/10.5740/jaoacint.15-095
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• Most laboratories reported using LC-PDA or LC-UV for the determination of CBL and CBLA 
in the three hemp oil samples (see table below). Additional method details are summarized at 
the end of the report in Appendix I. 

 
Reported Analytical Percent Reporting 

Method CBL CBLA 
LC-PDA 50.9 79.3 
LC-UV 35.1 13.8 
LC-MS 0.0 0.0 

LC-MS/MS 5.3 0.0 
GC-FID 0.0 0.0 
GC-MS 5.3 0.0 
Other 3.5 6.9 

 
Study Results 
CBL 
• No target means or ranges were provided in Table 7-1 for CBL in the three hemp oils. 
• The consensus means and ranges for CBL are based on quantitative data from 17 laboratories 

(Figure 7-1), 19 laboratories (Figure 7-2), and 2 laboratories (Figure 7-3) for Hemp Oil 1, 
Hemp Oil 2, and Hemp Oil 2a, respectively. Data from participants submitting only one 
measurement were included in Table 7-2 but were not included in the calculation of consensus 
statistics.2 

• A comparison of individual laboratory means for CBL in Hemp Oil 1 and Hemp Oil 2 is 
summarized in Figure 7-4 for laboratories who reported results for both samples. 

 
CBLA 
• No target means or ranges were provided in Table 7-1 for CBLA in the three hemp oils. 
• The consensus means and ranges for CBLA are based on quantitative data from 6 laboratories 

for Hemp Oil 1 (Figure 7-5) and Hemp Oil 2 (Figure 7-6). A consensus mean could not be 
determined for CBLA in Hemp Oil 2a (Figure 7-7). Data from participants submitting only 
one measurement were included in Table 7-3 but were not included in the calculation of 
consensus statistics.2 

• A comparison of individual laboratory means for CBLA in Hemp Oil 1 and Hemp Oil 2 is 
summarized in Figure 7-8 for laboratories who reported results for both samples. 

 
Overall 
• The between-laboratory variabilities for determination of CBL and CBLA in the hemp oil 

samples are shown in the table below. 
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 Between-Laboratory Variability (% RSD) 
Analyte Hemp Oil 1 Hemp Oil 2 Hemp Oil 2a 

CBL 11.8 9.4 24.7 
CBLA 120.2 82.5 NA 

 
Study Discussion and Technical Recommendations 
The following recommendations are based on results obtained from the participants in this study. 
 
CBL 
• Approximately 19 % of the laboratories reporting results for CBL provided values outside the 

consensus ranges for both Hemp Oil 1 and Hemp Oil 2 (Figure 7-4). 
• Laboratories reporting results above the consensus mean in Hemp Oil 1 also reported 

results above the consensus mean for Hemp Oil 2. Trends of this type often indicate a 
calibration bias. 

• Approximately 22 % (5), 21 % (5), and 33 % (1) of the laboratories reported that CBL was 
present in the Hemp Oil 1, Hemp Oil 2, and Hemp Oil 2a, respectively, at or below their LOQ 
(non-zero values). 

• The between-laboratory variability was higher for CBL in Hemp Oil 2a (24.7 %) than Hemp 
Oil 1 (11.8 %) and Hemp Oil 2 (9.4 %). The variability between individual mean laboratories 
was higher for CBL in Hemp Oil 1 (5.5 %) in comparison to Hemp Oil 2 (3.9 %) and Hemp 
Oil 2a (2.9 %). 
• Hemp Oil 2a was prepared through a methanol/ethanol extraction of Hemp Oil 2 at NIST. 

The additional processing of Hemp Oil 2a was expected to result in less variability both 
within and among participating laboratories. 

• The elevated level of variability for Hemp Oil 2a may be an artifact of significantly fewer 
laboratories reporting results for Hemp Oil 2a (2) compared to Hemp Oil 1 (17) and Hemp 
Oil 2 (19). 

• No additional trends were observed for the sample preparation, analytical methods, and/or 
analytical parameters reported for CBL in the three hemp oil samples. 

 
CBLA 
• Approximately 50 % of all laboratories reported that CBLA was present in the samples at or 

below their LOQ (non-zero values). The low levels resulted in large consensus ranges and 
between-laboratory variabilities (83 % to 120 %). 
• All laboratories reporting results used LC-UV or LC-PDA methods with only 50 % and 

40 % of these laboratories with low enough LOQs to determine CBLA at the consensus 
level in Hemp Oil 1 and Hemp Oil 2, respectively. 

• No additional trends were observed for the sample preparation, analytical methods, and/or 
analytical parameters reported for CBLA in the three hemp oil samples. 

 
Overall 
• Proper storage conditions are important for hemp oils because CBC can convert to CBL when 

stored over long periods of time. 
• Participants were asked to store the samples under controlled refrigeration (≈ 4 ºC). 
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• Laboratories should perform in-house evaluations of their storage conditions through 
stability test of their hemp oils at various environmental factors such as temperature, 
humidity, and light exposure.5 

• Over 100 cannabinoids have been identified in Cannabis plant samples with similarities in 
structure and molecular mass. As a result, chromatographic peak identity should always be 
confirmed using appropriate reference spectra of pure standards for cannabinoids and is 
particularly important for cannabinoids that are present at levels close to the method LOQ. 
Analytical methods should be able to clearly distinguish between cannabinoids. 

• The use of appropriate calibration materials and quality assurance samples to establish that a 
method is in control and being performed correctly may reduce the likelihood of outlying data. 
Quality assurance samples can be commercially available reference materials (CRMs, SRMs, 
or RMs) or materials prepared in-house. 

• Measurement results should be reported accurately. 
• Reported values should be the mass fraction (%) of the CBL and CBLA in the three hemp 

oil samples. Participants who reported values based on a volume fraction (%) for Hemp 
Oil 2 or Hemp Oil 2a should use the density of the sample for the conversion to mass 
fraction. Hemp Oil 1 was too viscous to prepare dilutions by volume. 

• Zero is not a quantity that can be measured. If values are below LOQ, results should be 
reported as such. A more appropriate result would be to report that a value is below the 
LOQ (e.g., “< 0.02”). 

• Laboratories reporting results based on a certain threshold should enter the numerical 
threshold (e.g., “< 1”). 

• Laboratories reporting results flagged as outliers should check for calculation errors when 
preliminary data tables are sent for inspection. One example is to confirm that factors for 
all dilutions have been properly tabulated or that results are reported in the requested units. 
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Table 7-1. Individualized data summary table (NIST) for CBL and CBLA in hemp oils. 
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Table 7-2. Data summary table for CBL in hemp oils. Data highlighted in red have been flagged 
as a data entry of zero or results that include text (e.g., “< LOQ” or “present”). Data highlighted 
in blue have been identified as outside the consensus tolerance limits and would be estimated to 
result in an unacceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≥ 2. 
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Figure 7-1. CBL in Hemp Oil 1 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus mean that 
results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in this 
material. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 7-2. CBL in Hemp Oil 2 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus mean that 
results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in this 
material. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 7-3. CBL in Hemp Oil 2a (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that 
result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. A NIST value has not been determined in this material. The downward triangle 
represents data reported as a threshold or LOQ value. 
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Figure 7-4. Laboratory means for CBL in Hemp Oil 1 and Hemp Oil 2 (sample/sample comparison view). In this view, the individual 
laboratory mean for one sample (Hemp Oil 1) is compared to the individual laboratory mean for a second sample (Hemp Oil 2). The 
dotted blue box represents the consensus range of tolerance for Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), calculated as the values 
above and below the consensus means that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2.
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Table 7-3. Data summary table for CBLA in hemp oils. Data highlighted in red have been flagged 
as a data entry of zero or results that include text (e.g., “< LOQ” or “present”). Data highlighted 
in blue have been identified as outside the consensus tolerance limits and would be estimated to 
result in an unacceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≥ 2. Note: This table spans two pages; the NIST 
values and consensus values are included on both pages for convenience. 
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Figure 7-5. CBLA in Hemp Oil 1 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus mean that 
results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in this 
material. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 7-6. CBLA in Hemp Oil 2 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus mean that 
results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in this 
material. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 7-7. CBLA in Hemp Oil 2a (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 7-8. Laboratory means for CBLA in Hemp Oil 1 and Hemp Oil 2 (sample/sample comparison view). In this view, the individual 
laboratory mean for one sample (Hemp Oil 1) is compared to the individual laboratory mean for a second sample (Hemp Oil 2). The 
dotted blue box represents the consensus range of tolerance for Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), calculated as the values 
above and below the consensus means that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2.
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SECTION 8: CBN AND CBNA 
Study Overview 
CBN is a non-intoxicating cannabinoid often detected in Cannabis plants and Cannabis-derived 
products at low levels and has attracted interest due to research showing potential health benefits.9 
CBN and its acidic precursor CBNA are formed through the oxidation of Δ9-THC and THCA, 
respectively, in Cannabis plant following exposure to prolonged periods of light or heat requiring 
reliable analytical methods. Participants in this study were asked to use in-house analytical 
methods to determine the mass fraction (%) of CBN and CBNA in the three hemp oils. The 
preparation of these hemp oils included a decarboxylation step resulting in extremely low levels 
of CBNA and levels of CBN consistent with normal ranges in commercial products. 
 
Reporting Statistics 
• The enrollment and reporting statistics for CBN and CBNA are described in the table below 

for each analyte. Reported values may include non-quantitative results (zero or below LOQ).  
 

 Hemp Oil 1 Hemp Oil 2 Hemp Oil 2a 
  Percent  Percent  Percent 
 Number of Reporting Number of Reporting Number of Reporting 

Analyte Participants Results Participants Results Participants Results 
CBN 75 81 % 85 80 % 19 63 % 

CBNA 29 55 % 31 48 % 19 11 % 
 
• Most laboratories reported using solvent extraction or sample dilution for determination of 

CBN and CBNA in the three hemp oil samples (see table below). Additional sample 
preparation details are summarized at the end of the report in Appendix I. 

 
Reported  Percent Reporting 

Preparation Method CBN CBNA 
Solvent Extraction 68.5 69.6 

Dilution 25.5 26.1 
Other 2.0 2.2 
None 2.0 2.2 

No Response 4.0 2.2 
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• Most laboratories reported using LC-UV or LC-PDA for the determination of CBN and CBNA 
(see table below). Additional method details are summarized at the end of the report in 
Appendix I. 

 
Reported  Percent Reporting 

Analytical Method CBN CBNA 
LC-PDA 61.7 52.2 
LC-UV 28.2 43.5 
LC-MS 1.3 0.0 

LC-MS/MS 3.4 0.0 
GC-FID 2.7 0.0 
GC-MS 2.0 0.0 
Other 0.7 4.3 

 
Study Results 
CBN 
• The mass fractions (%) for CBN in the hemp oil samples were determined by NIST using LC-

PDA as described in Section 1 and are summarized in Table 8-1. These NIST values are used 
as the target means and ranges summarized in Table 8-2 for comparison to the participant 
results. 

• The target and consensus means and ranges are summarized for CBN via different analytical 
methods in Figure 8-1, Figure 8-2, and Figure 8-3, which include data from laboratories 
submitting two or three results for CBN. Data from participants submitting only one 
measurement were included in Table 8-2 but were not included in the calculation of consensus 
statistics.2 
• For CBN in Hemp Oil 1, the consensus range was based on quantitative results from 49 

laboratories and overlaps approximately 90 % of the target range (Figure 8-1). 
• The individual laboratory means from 33 laboratories (81 % of those reporting results) 

were outside the NIST range of tolerance for CBN in Hemp Oil 1. 
• The individual laboratory means from 11 laboratories (27 % of those reporting results) 

were outside the acceptable 𝑍𝑍comm′  score for CBN in Hemp Oil 1. 
• The thresholds or LOQs for 15 of 19 laboratories reporting qualitative results were 

below the target mean for CBN in Hemp Oil 1. 
• For CBN in Hemp Oil 2, the consensus range was based on quantitative results from 49 

laboratories and overlaps approximately 35 % of the target range (Figure 8-2). 
• The individual laboratory means from 17 laboratories (35 % of those reporting results) 

were outside the NIST range of tolerance for CBN in Hemp Oil 2. 
• The individual laboratory means from 9 laboratories (18 % of those reporting results) 

were outside the acceptable 𝑍𝑍comm′  score for CBN in Hemp Oil 2. 
• The thresholds or LOQs for 11 of 16 laboratories reporting qualitative results were 

below the target mean for CBN in Hemp Oil 2. 
• For CBN in Hemp Oil 2a, the consensus range was based on quantitative results from 10 

laboratories and overlaps approximately 55 % of the target range (Figure 8-3). 
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• The individual laboratory means from 5 laboratories (50 % of those reporting results) 
were outside the NIST range of tolerance for CBN in Hemp Oil 2a. 

• All laboratory means were within the acceptable 𝑍𝑍comm′  score for CBN in Hemp Oil 
2a. 

• The single laboratory reporting a qualitative threshold or LOQ for CBN in Hemp Oil 
2a was above the target mean. 

• A comparison of individual laboratory means for CBN in Hemp Oil 1 and Hemp Oil 2 is 
summarized in Figure 8-4 for laboratories who reported results for both samples. 

 
CBNA 
• No target means or ranges were provided in Table 8-1 for CBNA in the three hemp oils. 
• The consensus means and ranges for CBDVA are based on quantitative data from 7 

laboratories for Hemp Oil 1 (Figure 8-5) and 7 laboratories for Hemp Oil 2 (Figure 8-6), 
respectively. A consensus mean could not be determined in Hemp Oil 2a (Figure 8-7). Data 
from participants submitting only one measurement were included in Table 8-3 but were not 
included in the calculation of consensus statistics.2 

• A comparison of individual laboratory means for CBNA in Hemp Oil 1 and Hemp Oil 2 is 
summarized in Figure 8-8 for laboratories who reported results for both samples. 

 
Overall 

• The between-laboratory variabilities for determination of CBN and CBNA in the hemp oil 
samples are shown in the table below. 

 
 Between-Laboratory Variability (% RSD) 

Analyte Hemp Oil 1 Hemp Oil 2 Hemp Oil 2a 
CBN 6.8 5.1 9.3 

CBNA 81.4 60.2 NA 
 
Study Discussion and Technical Recommendations 
The following recommendations are based on results obtained from the participants in this study. 
 
CBN 
• Approximately 30 % of the laboratories reporting results for CBN provided values outside the 

consensus ranges for both Hemp Oil 1 and Hemp Oil 2 (Figure 8-4). 
• Laboratories reporting results below the consensus mean in Hemp Oil 1 also reported 

results below the consensus mean for Hemp Oil 2. The reverse is also observed for 
laboratories reporting values above the consensus mean in both samples. Trends of this 
type often indicate a calibration bias. 

• The between-laboratory variability was higher for CBN in Hemp Oil 2a (9.3 %) than Hemp 
Oil 1 (6.8 %) and Hemp Oil 2 (5.1 %). The variability between individual mean laboratories 
were relatively close for CBN in Hemp Oil 1 (5.9 %), Hemp Oil 2 (5.9 %), and Hemp Oil 2a 
(5.2 %). 
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• Hemp Oil 2a was prepared through a methanol/ethanol extraction of Hemp Oil 2 at NIST. 
The additional processing of Hemp Oil 2a was expected to result in minimal variability 
both within and among participating laboratories. 

• The elevated level of variability may be an artifact of significantly fewer laboratories 
reporting results for Hemp Oil 2a (10) compared to Hemp Oil 1 (49) and Hemp Oil 2 (49). 

• No additional trends were observed for the sample preparation, analytical methods, and/or 
analytical parameters reported for CBN in the three hemp oil samples. 
 

CBNA 
• Approximately 20 % of the laboratories reporting results for CBNA provided values outside 

the consensus ranges for both Hemp Oil 1 and Hemp Oil 2 (Figure 8-8). 
• Laboratories reporting results above the consensus mean in Hemp Oil 1 also reported 

results above the consensus mean for Hemp Oil 2. Trends of this type often indicate a 
calibration bias. 

• Most laboratories reported that CBNA was present in the samples at or below their LOQ (non-
zero values). The low levels resulted in large consensus ranges and between-laboratory 
variabilities (60 % to 81 %). 
• Approximately 96 % of the laboratories reporting results used LC-UV or LC-PDA methods 

with only 31 % and 20 % of these laboratories with low enough LOQs to determine CBNA 
at the consensus level in Hemp Oil 1 and Hemp Oil 2, respectively. 

• No additional trends were observed for the sample preparation, analytical methods, and/or 
analytical parameters reported for CBNA in the three hemp oil samples. 

 
Overall 
• Proper storage conditions are important for hemp oils because CBNA can readily convert to 

CBN when stored at elevated or room temperatures. 
• Participants were asked to store the samples under controlled refrigeration (≈ 4 ºC). 
• Laboratories should perform in-house evaluations of their storage conditions through 

stability test of their hemp oils at various environmental factors such as temperature, 
humidity, and light exposure.5 

• Over 100 cannabinoids have been identified in Cannabis plant samples with similarities in 
structure and molecular mass. As a result, chromatographic peak identity should always be 
confirmed using appropriate reference spectra of pure standards for cannabinoids and is 
particularly important for cannabinoids that are present at levels close to the method LOQ. 
Analytical methods should be able to clearly distinguish between cannabinoids. 

• The use of appropriate calibration materials and quality assurance samples to establish that a 
method is in control and being performed correctly may reduce the likelihood of outlying data. 
Quality assurance samples can be commercially available reference materials (CRMs, SRMs, 
or RMs) or materials prepared in-house. 

• Measurement results should be reported accurately. 
• Reported values should be the mass fraction (%) of the CBN and CBNA in the three hemp 

oil samples. Participants who reported values based on a volume fraction (%) for Hemp 
Oil 2 or Hemp Oil 2a should use the density of the sample for the conversion to mass 
fraction. Hemp Oil 1 was too viscous to prepare dilutions by volume. 
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• Zero is not a quantity that can be measured. If values are below LOQ, results should be 
reported as such. A more appropriate result would be to report that a value is below the 
LOQ (e.g., “< 0.02”). 

• Laboratories reporting results based on a certain threshold should enter the numerical 
threshold (e.g., “< 1”). 

• Laboratories reporting results flagged as outliers should check for calculation errors when 
preliminary data tables are sent for inspection. One example is to confirm that factors for 
all dilutions have been properly tabulated or that results are reported in the requested units. 
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Table 8-1. Individualized data summary table (NIST) for CBN and CBNA in hemp oils. 
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Table 8-2. Data summary table for CBN in hemp oils. Data highlighted in red have been flagged 
as a data entry of zero or results that include text (e.g., “< LOQ” or “present”). Data highlighted 
in blue have been identified as outside the consensus tolerance limits and would be estimated to 
result in an unacceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≥ 2. Note: This table spans two pages; the NIST 
values and consensus values are included on both pages for convenience. 
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Figure 8-1. CBN in Hemp Oil 1 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that 
result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. The red shaded region represents the NIST range of tolerance, which encompasses 
the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST score, |𝑍𝑍NIST| ≤ 2. 
The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 8-2. CBN in Hemp Oil 2 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that 
result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. The red shaded region represents the NIST range of tolerance, which encompasses 
the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST score, |𝑍𝑍NIST| ≤ 2. 
The shaded beige region represents the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NIST 
range of tolerance (red region). The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 8-3. CBN in Hemp Oil 2a (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that 
result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. The red shaded region represents the NIST range of tolerance, which encompasses 
the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST score, |𝑍𝑍NIST| ≤ 2. 
The shaded beige region represents the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NIST 
range of tolerance (red region). The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 8-4. Laboratory means for CBN in Hemp Oil 1 and Hemp Oil 2 (sample/sample comparison view). In this view, the individual 
laboratory mean for one sample (Hemp Oil 1) is compared to the individual laboratory mean for a second sample (Hemp Oil 2). The 
solid red box represents the NIST range of tolerance for the two samples, Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), which 
encompasses the target values bounded by their uncertainties (UNIST) and represents the range that results in an acceptable 𝑍𝑍NIST score, 
|𝑍𝑍NIST| ≤ 2. The dotted blue box represents the consensus range of tolerance for Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), calculated 
as the values above and below the consensus means that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2.
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Table 8-3. Data summary table for CBNA in hemp oils. Data highlighted in red have been flagged 
as a data entry of zero or results that include text (e.g., “< LOQ” or “present”). Data highlighted 
in blue have been identified as outside the consensus tolerance limits and would be estimated to 
result in an unacceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≥ 2. 
 

 
 



 

153 

This publication is available free of charge from
: https://doi.org/10.6028/N

IST.IR
.8385 

 
Figure 8-5. CBNA in Hemp Oil 1 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus mean that 
results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in this 
material. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 8-6. CBNA in Hemp Oil 2 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus mean that 
results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in this 
material. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 8-7. CBNA in Hemp Oil 2a (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 8-8. Laboratory means for CBNA in Hemp Oil 1 and Hemp Oil 2 (sample/sample comparison view). In this view, the individual 
laboratory mean for one sample (Hemp Oil 1) is compared to the individual laboratory mean for a second sample (Hemp Oil 2). The 
dotted blue box represents the consensus range of tolerance for Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), calculated as the values 
above and below the consensus means that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2.
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SECTION 9: THCV AND THCVA 
Study Overview 
THCV is similar in structure to Δ9-THC with similar psychoactive properties. THCV is often 
detected at low levels in Cannabis plants and Cannabis-derived products and research has shown 
potential health for humans.Error! Bookmark not defined.13 THCV is synthesized in the plant from CBGA s
imilar to Δ9-THC instead of its acidic precursor THCVA, which is produced from the breakdown 
of CBGVA through decarboxylation with exposure of heat or light. Participants in this study were 
asked to use in-house analytical methods to determine the mass fraction (%) of THCV and THCVA 
in the three hemp oils. The preparation of these hemp oils included a decarboxylation step 
permitting the potential presence of THCV and THCVA in these samples. 
 
Reporting Statistics 
• The enrollment and reporting statistics for THCV and THCVA are described in the table below 

for each analyte. Reported values may include non-quantitative results (zero or below LOQ).  
 

 Hemp Oil 1 Hemp Oil 2 Hemp Oil 2a 
  Percent  Percent  Percent 
 Number of Reporting Number of Reporting Number of Reporting 

Analyte Participants Results Participants Results Participants Results 
THCV 54 67 % 62 66 % 19 47 % 

THCVA 36 58 % 38 58 % 19 16 % 
 

• Most laboratories reported using solvent extraction or sample dilution for determination of 
THCV and THCVA in the three hemp oil samples (see table below). Additional sample 
preparation details are summarized at the end of the report in Appendix I. 

 
Reported  Percent Reporting 

Preparation Method THCV THCVA 
Solvent Extraction 69.9 72.9 

Dilution 26.2 25.4 
Other 0.0 0.0 
None 1.9 1.7 

No Response 1.9 0.0 
 

  

 
 
13 J McPartland, M Duncan, V Marzo, R Pertwee. Br J Pharmacol. 172: 737-753 (2015) 
https://doi.org/10.111/bph.12944. 

https://doi.org/10.111/bph.12944
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• Most laboratories reported using LC-PDA or LC-UV for the determination of THCV and 
THCVA in the three hemp oil samples (see table below). Additional method details are 
summarized at the end of the report in Appendix I. 

 
Reported  Percent Reporting 

Analytical Method THCV THCVA 
LC-PDA 65.0 61.0 
LC-UV 27.2 33.9 
LC-MS 1.0 1.7 

LC-MS/MS 4.9 0.0 
GC-FID 0.0 0.0 
GC-MS 0.0 0.0 
Other 1.9 3.4 

 
Study Results 
THCV 
• No target means or ranges were provided in Table 9-1 for THCV in the three hemp oils. 
• The consensus means and ranges for THCV are summarized in Figure 9-1, Figure 9-2, and 

Figure 9-3 for Hemp Oil 1, Hemp Oil 2, and Hemp Oil 2a, respectively. Data from participants 
submitting only one measurement were included in Table 9-2 but were not included in the 
calculation of consensus statistics.2 

• A comparison of individual laboratory means for THCV in Hemp Oil 1 and Hemp Oil 2 is 
summarized in Figure 9-4 for laboratories who reported results for both samples. 

 
THCVA 
• No target means or ranges were provided in Table 9-1 for THCVA in the three hemp oils. 
• The consensus means and ranges for THCVA are summarized in Figure 9-5, Figure 9-6, and 

Figure 9-7 for Hemp Oil 1, Hemp Oil 2, and Hemp Oil 2a, respectively. Data from participants 
submitting only one measurement were included in Table 9-3 but were not included in the 
calculation of consensus statistics.2 

• A comparison of individual laboratory means for THCVA in Hemp Oil 1 and Hemp Oil 2 is 
summarized in Figure 9-8 for laboratories who reported results for both samples. 

 
Overall 
• The between-laboratory variabilities for determination of THCV and THCVA in the hemp oil 

samples are shown in the table below. 
 
 Between-Laboratory Variability (% RSD) 

Analyte Hemp Oil 1 Hemp Oil 2 Hemp Oil 2a 
THCV 59.4 29.2 303.1 

THCVA 133.0 83.8 NA 
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Study Discussion and Technical Recommendations 
The following recommendations are based on results obtained from the participants in this study. 
 
THCV 
• Approximately 20 % of the laboratories reporting results for THCV provided values outside 

the consensus ranges for both Hemp Oil 1 and Hemp Oil 2 (Figure 9-4). 
• Laboratories reporting results above the consensus mean in Hemp Oil 1 also reported 

results above the consensus mean for Hemp Oil 2. Trends of this type often indicate a 
calibration bias. 

• Most laboratories reported that THCV was present in the samples at or below their LOQ (non-
zero values). The low levels resulted in large consensus ranges and between-laboratory 
variabilities (29 % to 303 %). 
• Approximately 6 % of the laboratories reporting results used LC-MS or LC-MS/MS 

methods with some having low enough LOQs to determine THCV at the consensus level 
in Hemp Oil 1, Hemp Oil 2, and Hemp Oil 2a. 

• Approximately 92 % of the laboratories reporting results used LC-UV or LC-PDA methods 
with only 31 % and 26 % of these laboratories with low enough LOQs to determine THCV 
at the consensus levels in Hemp Oil 1 and Hemp Oil 2, respectively. 

• No additional trends were observed for the sample preparation, analytical methods, and/or 
analytical parameters reported for THCV in the three hemp oil samples. 

 
THCVA 
• Most laboratories reported that THCVA was present in the samples at or below their LOQ 

(non-zero values). The low levels resulted in large consensus ranges and between-laboratory 
variabilities (84 % to 133 %). 
• Approximately 2 % of the laboratories reporting results used LC-MS or LC-MS/MS 

methods with none having low enough LOQs to determine THCVA at the consensus levels 
in Hemp Oil 1, Hemp Oil 2, and Hemp Oil 2a. 

• Approximately 95 % of the laboratories reporting results used LC-UV or LC-PDA methods 
with only 5 % and 9 % of these laboratories with low enough LOQs to determine THCVA 
at the consensus levels in Hemp Oil 1 and Hemp Oil 2, respectively. 

• No additional trends were observed for the sample preparation, analytical methods, and/or 
analytical parameters reported for THCVA in the three hemp oil samples. 

 
Overall 
• Proper storage conditions are important for hemp oils because THCVA can readily convert to 

THCV when stored at elevated or room temperatures. 
• Participants were asked to store the samples under controlled refrigeration (≈ 4 ºC). 
• Laboratories should perform in-house evaluations of their storage conditions through 

stability test of their hemp oils at various environmental factors such as temperature, 
humidity, and light exposure.5 

• Over 100 cannabinoids have been identified in Cannabis plant samples with similarities in 
structure and molecular mass. As a result, chromatographic peak identity should always be 
confirmed using appropriate reference spectra of pure standards for cannabinoids and is 
particularly important for cannabinoids that are present at levels close to the method LOQ. 
Analytical methods should be able to clearly distinguish between cannabinoids. 
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• The use of appropriate calibration materials and quality assurance samples to establish that a 
method is in control and being performed correctly may reduce the likelihood of outlying data.  
Quality assurance samples can be commercially available reference materials (CRMs, SRMs, 
or RMs) or materials prepared in-house. 

• Measurement results should be reported accurately. 
• Reported values should be the mass fraction (%) of the THCV and THCVA in the three 

hemp oil samples. Participants who reported values based on a volume fraction (%) for 
Hemp Oil 2 or Hemp Oil 2a should use the density of the sample for the conversion to mass 
fraction. Hemp Oil 1 was too viscous to prepare dilutions by volume. 

• Zero is not a quantity that can be measured. If values are below LOQ, results should be 
reported as such. A more appropriate result would be to report that a value is below the 
LOQ (e.g., “< 0.02”). 

• Laboratories reporting results based on a certain threshold should enter the numerical 
threshold (e.g., “< 1”). 

• Laboratories reporting results flagged as outliers should check for calculation errors when 
preliminary data tables are sent for inspection. One example is to confirm that factors for 
all dilutions have been properly tabulated or that results are reported in the requested units. 
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Table 9-1. Individualized data summary table (NIST) for THCV and THCVA in hemp oils. 
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Table 9-2. Data summary table for THCV in hemp oils. Data highlighted in red have been flagged 
as a data entry of zero or results that include text (e.g., “< LOQ” or “present”). Data highlighted 
in blue have been identified as outside the consensus tolerance limits and would be estimated to 
result in an unacceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≥ 2. Note: This table spans two pages; the NIST 
values and consensus values are included on both pages for convenience. 
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Figure 9-1. THCV in Hemp Oil 1 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus mean that 
results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in this 
material. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 9-2. THCV in Hemp Oil 2 (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus mean that 
results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in this 
material. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 9-3. THCV in Hemp Oil 2a (data summary view – analytical method). In this view, individual laboratory data are plotted (circles) 
with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method employed. 
The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus 
mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus mean that 
results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in this 
material. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 9-4. Laboratory means for THCV in Hemp Oil 1 and Hemp Oil 2 (sample/sample comparison view). In this view, the individual 
laboratory mean for one sample (Hemp Oil 1) is compared to the individual laboratory mean for a second sample (Hemp Oil 2). The 
dotted blue box represents the consensus range of tolerance for Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), calculated as the values 
above and below the consensus means that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2.
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Table 9-3. Data summary table for THCVA in hemp oils. Data highlighted in red have been 
flagged as a data entry of zero or results that include text (e.g., “< LOQ” or “present”). 
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Figure 9-5. THCVA in Hemp Oil 1 (data summary view – analytical method). In this view, individual laboratory data are plotted 
(circles) with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method 
employed. The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for 
the consensus mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus 
mean that results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in 
this material. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 9-6. THCVA in Hemp Oil 2 (data summary view – analytical method). In this view, individual laboratory data are plotted 
(circles) with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method 
employed. The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for 
the consensus mean. The solid red line represents the upper consensus range of tolerance, calculated as the values above the consensus 
mean that results in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2, with the lower limit set at zero. A NIST value has not been determined in 
this material. The downward triangle represents data reported as a threshold or LOQ value. 
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Figure 9-7. THCVA in Hemp Oil 2a (data summary view – analytical method). In this view, individual laboratory data are plotted 
(circles) with the individual laboratory standard deviation (rectangle). The color of the data point represents the analytical method 
employed. The downward triangle represents data reported as a threshold or LOQ value.  
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Figure 9-8. Laboratory means for THCVA in Hemp Oil 1 and Hemp Oil 2 (sample/sample comparison view). In this view, the individual 
laboratory mean for one sample (Hemp Oil 1) is compared to the individual laboratory mean for a second sample (Hemp Oil 2). The 
dotted blue box represents the consensus range of tolerance for Hemp Oil 1 (x-axis) and Hemp Oil 2 (y-axis), calculated as the values 
above and below the consensus means that result in an acceptable 𝑍𝑍comm′  score, |𝑍𝑍comm′ | ≤ 2. 
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Appendix I – Method Questionnaire Responses 
 
41 laboratories completed the method questionnaire. 
 

A002 
A005 
A007 
A008 
A009 
A012 

A013 
A015 
A020 
A021 
A024 
A026 

A028 
A031 
A033 
A038 
A039 
A041 

A046 
A050 
A052 
A054 
A055 
A059 

A060 
A062 
A063 
A071 
A072 
A081 

A083 
A085 
A088 
A089 
A092 
A093 

A100 
A102 
A104 
A111 
A114

 
Sample Preparation 
All laboratories that tested both samples (Hemp Oil 1 and Hemp Oil 2) reported using the same 
sample preparation approach for both samples. 
 

 
 

Dilution with alcohol (ethanol, methanol, etc.) (82%) 

Dilution with 
other solvent 

(hexane, 
DMSO, etc.) 

(15%) 

Dilution with 
multiple 

solvent types 
(3%) 

A002 A026 A052 A071 A093 A005 A072 
A007 A028 A054 A081 A100 A008  
A009 A033 A055 A083 A102 A015  
A012 A038 A059 A085 A104 A020  
A013 A041 A060 A088 A111 A031  
A021 A046 A062 A089 A114 A039  
A024 A050 A063 A092    

 
 

Dilution with 
alcohol 

(ethanol, 
methanol, etc.)

82%

Dilution with other solvent 
(hexane, DMSO, etc.)

15%

Dilution with multiple 
solvent types

3%
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General Analytical Methods 
All laboratories that tested both samples (Hemp Oil 1 and Hemp Oil 2) reported using the same 
analytical methods for both samples. 
 

 
 

LC-PDA or LC-UV (93%) 

LC-MS or 
LC-MS/MS 

(5%) 
GC-MS 

(2%) 
A002 A020 A050 A071 A092 A021 A026 
A005 A024 A052 A072 A093 A039  
A007 A028 A054 A081 A100   
A008 A031 A055 A083 A102   
A009 A033 A059 A085 A104   
A012 A038 A060 A088 A111   
A013 A041 A062 A089 A114   
A015 A046 A063     

 

LC-absorbance (diode 
array, single 

wavelength, multiple 
wavelength)

93%

LC-MS or LC-MS/MS
5%

GC-MS
2%
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LC-PDA and LC-UV Method Information 
 
Injection Conditions 

 
 

1 µL (19 %) A005 A008 A033 A052 A055 A059 A104  
1.5 µL (3 %) A089        
2 µL (6 %) A038 A114       
2.5 µL (3 %) A072        
3 µL (8 %) A009 A013 A050      
5 µL (42%) A002 A007 A012 A015 A024 A046 A054 A060 
 A063 A081 A085 A088 A093 A100 A111  
6 µL (3 %) A031        
8 µL (6 %) A041 A102       
10 µL (8 %) A028 A083 A092      
20 µL (3 %) A071        
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Use of Wash Solvent   Type of Wash Solvent 
*of the 20 participants reporting use of a solvent wash 

 
 

No Wash (17 %) A009 A054 A063 A088      
ACN (8 %) A038 A100        
ACN/IPA (4 %) A031         
ACN/IPA/H2O (4 %) A050         
IPA (8 %) A114 A072        
IPA/H2O (4 %) A055         
Methanol (13 %) A005 A024 A081       
Water (4 %) A041         
Unspecified Solvent (54 %) A033 A052 A059 A104 A015 A060 A093 A102 A092 

 
 

ACN, 2
ACN/IPA, 1

ACN/IPA/H2O, 1

IPA, 2

IPA/H2O, 1

Methanol, 3Water, 1

Unspecified, 9

Yes, 20

No, 4
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Column Type 
All laboratories reported using a C18 column. 
 

 
Cortecs Shield RP18 (3 %) A028       
Phenomenex Aqua 5u C18 (3 %) A071       
Phenomenex Luna Omega 1.6um polar C18 (3 %) A033       
Shimadzu NexLeaf CBX (8 %) A012 A062 A111     
Agilent InfinityLab Poroshell 120 EC-C18 (13 %) A054 A063 A081 A102 A013   
Restek Raptor ARC-18 (34 %) A007 A038 A052 A055 A088 A093 A104 
 A085 A031 A041 A089 A009 A015  
Unspecified C18 Column (37 %) A020 A002 A046 A092 A024 A100 A114 
 A050 A083 A008 A072 A005 A059 A060 

 
 

Cortecs Shield RP18
Phenomenex Aqua 

5u C18

Phenomenex Luna 
Omega 1.6um polar C18

Shimadzu 
NexLeaf CBX

Agilent InfinityLab 
Poroshell 120 EC-C18

Restek Raptor 
ARC-18

Unspecified
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Column Temperature 

 
26 °C (3 %) A020          
30 °C (26 %) A002 A007 A038 A046 A052 A055 A088 A092 A093 A104 
35 °C (13 %) A012 A024 A062 A100 A114      
37 °C (3 %) A085          
40 °C (24 %) A028 A031 A033 A041 A050 A071 A083 A089 A111  
50 °C (18 %) A008 A009 A015 A054 A063 A081 A102    
60 °C (3 %) A072          
Unspecified Temperature (11 %) A005 A013 A059 A060       

 

0 2 4 6 8 10 12

Unspecified
26 C
30 C
35 C
37 C
40 C
50 C
60 C

Number of Laboratories Reporting
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Mobile Phase 

 
Isocratic Separation (29 %) A007 A008 A009 A012 A013 A015 A020 A024 A028 A038 
 A046 A050 A052 A054 A059 A060 A062 A063 A071 A072 
 A081 A092 A100 A102 A114      
Gradient Separation (66 %) A002 A033 A041 A055 A083 A085 A088 A089 A093 A104 
 A111          
Unspecified Separation Type (5 %) A005 A031         

 

 
Water/ACN (61 %) A002 A012 A024 A028 A033 A038 A041 A046 A050 A052 
 A060 A083 A085 A088 A089 A092 A093 A100 A104 A111 
 A114          
Water/MeOH (29 %) A008 A009 A013 A020 A054 A059 A063 A071 A072 A081 
 A102          
THF (8 %) A031          
Unspecified Solvent (8 %) A005 A015 A062        

 
 

Unspecified

Isocratic

Gradient

Water/ACN

Water/MeOH

Unspecified THF
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Modifiers 

 
Formic Acid (61 %) A008 A009 A028 A031 A033 A038 A041 A046 A050 A052 
 A054 A055 A059 A063 A072 A081 A083 A085 A088 A092 
 A093 A104 A114        
Phosphoric Acid (13 %) A007 A060 A071 A100 A111      
No Modifier (13 %) A002 A012 A013 A020 A089      
Unspecified Modifier (13 %) A005 A015 A024 A062 A102      

 

Formic AcidPhosphoric 
Acid

None

Unspecified
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Detector Wavelength 
*note some laboratories reported using multiple distinct wavelengths (up to 4) 

 
 

210 nm (4 %) A085 A089         
220 nm (16 %) A002 A007 A012 A015 A024 A041 A100 A111   
222 nm (2 %) A085          
225 nm (4 %) A050 A072         
228 nm (28 %) A028 A033 A041 A046 A052 A054 A055 A063 A083 A088 
 A092 A093 A104 A114       
229 nm (4 %) A005 A008         
230 nm (6%) A013 A020 A081        
254 nm (4 %) A052 A088         
258 nm (16 %) A020          
269 nm (2 %) A005          
270 nm (4 %) A020 A081         
272 nm (28 %) A008 A088         
274 nm (4 %) A041          
278 nm (16 %) A020          
284 nm (2 %) A009          
Wavelength Range (4 %) A038 A062         
Unspecified Wavelength (10 %) A031 A059 A060 A071 A102      

 
 
 
 
 
 
 
 
 
 

2

8

1
2

14

2
3

2
1 1

2 2
1 1 1

2

5
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Detector Type 

 
PDA (84 %) A085 A002 A012 A015 A024 A041 A100 A050 A072 A028 
 A033 A046 A052 A054 A055 A063 A088 A092 A104 A114 
 A005 A013 A020 A081 A008 A009 A038 A062 A031 A059 
 A071 A102         
VWD (11 %) A089 A007 A111 A060       
Unspecified Modifier (5 %) A083 A093         

 
 
 

VWD

PDA

Unspecified
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Calibration Type 

 
Calibration Curve (76 %) A002 A007 A008 A009 A015 A024 A028 A031 A038 A041 
 A050 A052 A054 A055 A062 A063 A072 A081 A083 A085 
 A088 A089 A092 A093 A100 A102 A104 A111 A114  
Unspecified Approach (24 %) A005 A012 A013 A020 A033 A046 A059 A060 A071  

 

 
External Standard (50 %) A002 A008 A013 A020 A028 A033 A038 A050 A055 A059 
 A060 A062 A071 A072 A088 A089 A093 A100 A104  
Internal Standard (4 %) A009 A046 A052 A114       
Unspecified Approach (39 %) A005 A007 A012 A015 A024 A031 A041 A054 A063 A081 
 A083 A085 A092 A102 A111      

 
  

Curve

Unspecified

External

Internal

Unspecified
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Source of Calibrants 
*note that some laboratories reported use of standards from multiple providers 

 
 

Cerilliant (36 %) A005 A008 A009 A015 A031 A033 A038 A041 A046 A052 
 A054 A055 A071 A081 A083 A100 A102 A104   
Absolute Standards (2 %) A028          
Cayman (14 %) A007 A038 A062 A063 A081 A088 A111    
Dr. Ehrenstorfer (2 %) A054          
Lipomed (2 %) A102          
Millipore Sigma (2 %) A009          
Restek (12 %) A005 A038 A041 A072 A081 A085     
Shimadzu (6 %) A012 A062 A100        
SPEX Certiprep (2 %) A009          
Unspecified Approach (22 %) A002 A013 A020 A024 A050 A059 A060 A089 A092 A093 
 A114          

 
 
 
 
 

 
 

Absolute Standards

Cayman

Dr.Ehrenstorfer

Lipomed

Millipore Sigma

Restek
Shimadzu

SPEX Certiprep

Unspecified
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